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FOREWORD 
Back of this bulletin lies a unique experiment in research tech-
nique. The staff and the storehouse of material of the Experi-
ment Station were effectively mobilized to study the uses to 
which farm land in Iowa was being put and to determine what 
adjustments are desirable. 
While the idea of the functional interrelationship of the 
many parts of an experiment station is frequently stressed, in 
practice it is rare indeed for the several agricultural sciences 
to make a concerted and balanced approach on a major prob-
lem. But this is precisely what was accomplished in this study. 
In February, 1934, under the chairmanship of Vice Director W. 
H. Stevenson,! a project was organized to determine the crop 
and livestock systems which are best suited to Iowa. What hap-
pened as a result of this coordinated approach has been told by 
Director Buchanan :2 
"Two years ago we tried the experiment of organizing a 
project . . . to study production planning in the state. Our pur-
poses were: to bring together into a comprehensive picture what we 
know about the agricultural resources of Iowa, to evaluate these re-
sources, and to devise plans for their better utilization , . . The 
personnel that participated in this study were men from the research 
staff in soils, farm crops, animal husbandry, dairy husbandry, agricul-
tural engineering, forestry, and agricultural economics . . . Out 
of a year's work of this group there finally emerged some rather funda-
mental agreements, statements to which all were able to subscribe. This 
was in itself a noteworthy achievement. Any dean of agriculture knows 
full well that from the standpoint of a man in soils it is really prepos-
terous to have someone whose primary training is in the social sciences 
teaching the subject of farm management, for the world must know that 
this is a misnomer for soil management. Equally it requires a major op-
eI'ation really to convince an animal husbandryman that there can be any 
justification for grain farming without livestock anywhere in Iowa. 
But suspicions melt away and are replaced by confidence and under-
standing as all the factors involved are impartially reviewed. The soils 
specialist and the economist rather unexpectedly find themselves in 
agreement on fundamentals . . ." 
The integration of the work took place at a seminar organized 
for that purpose which met once a week during the winter fLnd 
spring of 1934. It was at the seminar that the staff which was 
actively engaged in the project discussed the basic assumptions 
underlying the work. Out of this interplay of ideas and criti-
1 Project 363 of the Iowa Agricultural Experiment Station, "Determination 
of a Desira ble Crop System a nd Livestock Program for each Township of 
Iowa for the Purpose of Developing Land Utilization Pollcies for the State." 
• From a paper, "AAA Regional Adjustment Project from Experiment Sta-
tion Standpoint," by Director R. E. Buchana n, read a t the Land Grant Col-
lege Meetings, November, 1935. Ita lics are mine. 
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cal examination of assumptions emerged a rather well-defined 
and balanced concept of the goals in agricultural adjustment 
in Iowa. A series of three progress reports was prepared; 
these were mimeographed and issued under the general title, 
"A Study of Certain Aspects of Corn Belt Agriculture in Order 
to Determine Suitable Policy for Production Reduction.' '3 
'l'hese reports were widely used in connection with the national 
agricultural adjustment project of 1935 which the Division of 
Program Planning of the AAA sponsored and which the sevE'ral 
states entered into cooperatively. The supply of the reports, 
accordingly, was soon exhausted. 
The active personnel which was responsible for the work 
done in connection with the proj ect and seminar was, from 
the Agronomy Section: P. E. Brown, C. S. Dorchester, B. J. 
Firkins, F. B. Smith, R. H. Walker; from the Animal Hus-
bandry Section: H. H. Kildee, C. Y. Cannon, C. C. Culbertson; 
from the Agricultural Economics Section: 'P. H. Cox, Charles 
Elkinton, Erling Hole, John A. Hopkins, Donald Keene, Keith 
Kirkpatrick, Rainer Schickele and T. W. Schultz. 
While the specific recommendations for changes in the pre-
vailing crop and livestock systems in Iowa resulting from this 
study are significant, an important complementary product is 
the clarification and appraisal of concepts, definitions and. ob-
jectives, and the contribution to a methodology of procedure. 
It is essentially this phase of the study which Mr. Schickele pre-
sents in this bulletin. 
The study, however, did not stop with recommendations. 
Since these had been developed by a group of specialists, the 
question naturally arose: Vvere the results practical? The 
right solution is both theoretical and practical. Thus, in order 
to test the practicability of the research results, the following 
techniques were adopted. 
Five selected blocks of farms in each type-of-farming area in 
the state were carefully surveyed and the recommended crop 
and livestock systems applied to these farms! Another test 
was made by adding a representative and experienced group of 
farmers to the personnel of the project to go over the work. 
The state was divided into 25 groups of four counties each. 
Each group selected one farmer whom it thought best qualified 
for this assignment. These 25 farmers were then specifically 
appointed to work with the research staff of the college. They 
came to Ames. They were given all of the factual background, 
3 The first report appeared April 28, 1934, 29 pages; the second, Sept. 21, 
1934, 206 pages; the third. Jan. 10, 1935, 37 pages. 
• Project 452 of the Agricultural Experiment Station, "Test of the Economic 
and, Technical Practicability of the Agri~ultural Adjustments Recommended 
for Io,va," 
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all of the data worked out for each county of the state. The 
underlying assumptions were discussed in meetings' lasting 7 
to 8 hours a day. These men examined and evaluated 'our 
work of the previous year. After a week they-returned to their 
homes to obtain additional facts from their counties. Then 
they-returned to Ames for an additional week of work at the 
close of which they had developed a set of recommendations.s 
What were the repercussions upon the resident research per-
sonnel? The experiment with the 25 farmers had led to the 
clear ' understanding of a valuable research aid. The staff 
gained because it was found necessary to modify previous con-
clusions on the bases of new data and redefined assumptions. It 
does not matter whether this technique of study is labeled re-
search or extension; it is an essential step in bridging the gap 
between what is theoretically sound and that which is, in addi-
tion, practical. 
Another and more comprehensive ' test was then made. The 
Bxtension Service, working hand in hand with the research 
staff, obtained from each county an independent estimate of 
the farm land use adjustment desirable for the county.6 Thus, 
the project initiated early in 1934 was not only successful in 
br'inging the several sciences to bear upon the problem of land 
use and its close kin, soil conservation, but in its final stages 
through the Extension Service it also interrelated the findings 
of the study with the experience and thought of farm leaders 
throughout the state. 
Theodore W. Schultz, 
Head, Rural Social Science Section 
• Mimeographed report issued July. 1935, "The Iowa Farm Adjustment 
Study Group Recommends . . ," 5 p a ges. 
• See Herbert G. Folken, County Land Use Planning by Iowa Farmers, Ex-
tension Service, Iowa State College, Circular 233, Jan., 1937. 
CONCLUSIONS 
It is not the purpose of this bulletin to recommend solutions 
to the soil conservation and land use problems but rather to 
clarify objectives, evaluate· basic assumptions and interpret 
such concepts as soil conservation and land use adjustment in 
the light of public policy. 
The conclusions, therefore, cannot be presented in terms of 
statement of facts, nor of specific recommendations for changes 
in land use, but in terms of definitions of concepts, appraisal of 
objectives and suggestions for methodological procedure which 
may lead to the development of an effective agricultural con-
servation policy. 
In the past, research in agricultural economics has been 
focused on the individual farm organization and on the prices 
of farm products as the major determinants. The relatively 
depressed conditions in agriculture since th~ W orld War, in 
conjunction with a rapid deterioration of land resources in 
large parts of majo:r agricultural regions, gave rise to new sets 
of problems which cannot be handled adequately by traditional 
research procedure. Regional land use patterns and livestock 
systems, the forces that determine them and the effect they 
have on the land as a natural resource constitute ~ relatively 
new field for scientific inquiry. From this field any sound and 
well-rounded land use policy must be developed. 
The primary emphasis in the adjustment studies discussed in 
these pages lies on the determination of land use patterns and 
crop systems which would conserve the soil resources as fully 
as it seems economically feasible, assuming no drastic changes 
in price relationships and in the intensity of farming. Be-
fore effective policies accomplishing this objective can be out- . 
lined, the concept of soil conservation and its economic impli-
cations must be clarified. 
Soil conservation aims ·at the elimination of two types of soil 
deterioration: erosion and depletion. From the viewpoint of 
public policy, soil losses from erosion are more serious and re-
quire remedial action more urgently than fertility losses from 
depletion through crop removal. Erosion losses are irreplace-
able, occur at a progressive rate, and cause increased flood haz-
ards and silting of streams and reservoirs. The effects of fer-
tility depletion remain localized and can be more easily cor-
rected by application of organic matter and fertilizer. Erosion 
control, i.n contrast, usually implies substantial changes in the 
land use pattern and crop system with all their subsequent 
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effects on livestopk systems, farm SIze and organization, and 
land tenure conditions. 
One of the most difficult problems of a soil conservation 
policy is, therefore, to accomplish an adequate regional alloca-
cation of emphasis on conservation in terms of public funds ana 
human efforts employed. Soil conservation as an objective of 
public policy is of a relative rather than absolute character. 
Instead of diffusing available funds over wide regions regard-
lEss of the various land classes· and their relative need for con-
servation, such funds should be concentrated upon those land 
classes where conservation is most urgent in the interest of the 
public welfare. The problem is not one of complete preserva-
tion of all plant nutrients and soil characteristics on all land 
classes, but rather one of achieving an adequate degree of con-
servation on the various land classes according to the present 
supply of resources left · and the present and prospective rate 
of deterioration. 
A carefully balanced policy of soil conservation must eval-
uate the probable effect of certain desirable changes in land use 
patterns and crop systems on livestock systems, on the general 
farm organization, on the adequacy of the prevailing' farm size 
pattern and land tenure conditions, and on the aggregate vol-
ume of agricultural production. The present adjustment stud-
ies, however, confined the estimates of probable effects of cer-
tain land use changes to livestock systems. This phase of re-
search in agricultural adjustment is necessarily speculative in 
character and involves a highly intricate method of procedure. 
Different solutions should be developed for different sets of 
clearly defined assumptions, as there is no unique solution to the 
disposal of the products obtained from any given crop system. 
Price relationships, consumers' purchasing power, interregional 
competition, international trade and land tenure conditions are 
but a few of the more important factors to be considered in 
evaluating the long-time effect of a comprehensive policy of soil 
conservation. 
Research activities in this field must necessarily transgress 
the lines of specific research departments. Workers in agrono-
my, animal husbandry and economics, particularly, have closely 
cooperated in the present studies. The development of a tech-
nique of effective interdepartmental cooperation is essential to 
pI'ogress in developing a rational land use and soil conservation 
policy. 
Economics of Agricultural Land Use 
Adjustments! 
1. Methodology in Soil Conservation and 
Agricultural Adjustment Research 
By RAINER SCHICKELE2 
NEED FOR PLANNING FUNDAMENTAL ADJUSTMENTS 
IN AGRICULTURAL PRODUCTION 
The ultimate goal of agricultural policy is to provide a se-
cure foundation for the sound development of farm life. If the 
farmer is to attain" equality" of opportunity and satisfaction 
comparable with that obtained by his fellow citizens in urban 
occupations, the economic returns in farming must be made more 
secure and the cultural environment of the farm home more at-
tractive than they have been in the recent past. 
It is generally held that agriculture has not been able to keep 
pace with industry and commerce in the advance of living con-
ditions ahd cultural opportunities. Evidences of the wide ac-
ceptance of this view are the Report of the Country Life Com-
mission to President Theodore Roosevelt (1909), the reports of 
the National Industrial Conference Board (1926) and the Busi-
ness Men's Commission on Agriculture (1927), and the persis-
tent drive for" equality for agriculture" throughout the twen-
ties. 3 
The recent depression drastically revealed the vulnerable eco-
nomic position of domestic agriculture. It produced the 
gigantic attempt of the government to restore the balance of 
agriculture-the Agricultural Adjustment Act. 
The legislation creating the "AAA" was not strictly an 
emergency measure. As the farm program entered its second 
year of operation, the administration, the agriculturists and 
farm leaders were turning away from emergency objectives 
1 Projects 363 and 452 of the Iowa Agricultural Experiment Station. 
2 The writer is greatly indebted to Dr. T . W. Schultz, head of the Rural So-
cial Science Section, for the stimulating assistance and constructive criticism 
received. The writer also wishes to acknowledge the many valuable sugges-
tIOns offered by John A. Hopkins, Agricultural Economics Subsection, B. J. 
Firkins, Soils Subsection, and A. J. Englehorn, Land Utilization Division of 
the Resettlement Administration, which were very helpful in preparing the 
manuscript . • Since the research work discussed in this bulletin was carried 
on in a unique manner of interdepartmental cooperation, the staff members of 
the Soils, Crops, Animal Husbandry and Agricultural Economics sections 
have all actively contributed to this study. 
a Even a student of agricultural affairs as critical as Joseph S . Davis con-
curred with this view in an article published in 1928, the heyday of American 
prosperity. Joseph S. Davis, America's Agricultural Position and Policy. 
Harvard Business Review, January, 1928. 
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towa'rd more permanent long-time policies of fundamental agri-
cultural adjustment. The~e latter policies were intended to pre-
vent disproportionate burdens being thrown upon agriculture, 
to afford farmers the opportunity of adjusting their production 
to current and prospective demand, and to facilitate the con-
servation of soil resources! 
Farmers have nDt produced the quantities and kinds of prod-
ucts that would yield them, as a group, the highest and most 
secure income over a long period of time. Nor have they given 
sufficient heed to the maintenance of soil fertility. Agriculture, 
throughout wide sections of the country, has the character of an 
extractive rather than a permanently sustained industry which, 
indeed, is not conducive to the progressive development of 
farm life and rural institutions. 
This is to say that two crucial problems of agricultural ad-
justments have come to the fore: (1) unbalanced production 
relative to the demand situation, and (2) soil wastage. 
THE PROPER SPHERE FOR ECONOMIC PLANNING 
IN AGRICULTURE 
It seems that the economic adjustments arising out of un-
aided individual competitive behavior cannot be depended upon 
automatically to establish and perpetuate a satisfactory eco-
nomic balance. Agriculture, in fact, shows an imperfect and 
often inverse response to price changes and is induced or even 
cbmpelled by the prevailing forms of competition to exploit and 
misuse its soil resources.S This fact alone would appear to make 
agriculture a field wherein organized group action potentially 
promises genuine gains for the farmer as well as for society. 
Unfortunately economic planning has become a fad. Injudi-
cious proponents indulge in ambitious and often self-righteous 
ideas that everything should be planned, from the production 
of all individual crops to the pattern of racial genetics. It 
would be equally fantastic, however, to advocate ab-olition of 
government on the pretext 'of making competition really 
"free." The determination of the proper economic spheres sus-
ceptible to effective guidance and regulation constitutes one of 
the most urgent problems of modern society. Economic plan-
ning in agriculture, therefore, implies by no means <,the"J~ollec-
9: Fr 
• There are many causes of exploitive farming, such as "adverse pressure 
of low prices and high fixed charges, traditional farming ~pract!ces, land ten-
ure systems and inadequate farm sizes, which shall be mentioned later. 
6 It should be mentioned that similar. conditions of destructive competition 
are prevailing in other industries. Lumber companies, under t}le" whip of 
unregulated competition, have ruthlessly exploited vast areas . ..oi'<'Vir !l'in"{orest 
and have left denuded mountainsides, pauperized cut-over, ~lands and dllapir 
dated towns in their wake. Destructive competitiQIL in the oil industry is 
engendering tremendous wastage of natural resources to the ultimate detri-
ment of society. The nation has a vital interest in the conduct of all indus-
tries involving the utilization of natural resources. 
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tive control of all agricultural activities, but rather a technique 
of adjusting a few key levers-the fewer the better-in order to 
attain basic and socially desirable ends. Orderly production 
gauged to the long-time demand outlook and soil conservation 
may safely be recognized as ends that are both basic and so-
cially desirable. 
EMERGENCY CHARACTER OF THE AAA PROGRAMS 
The AAA production control programs dealt exclusively 
with adjusting the production of specific commodities to the 
short-time demand outlook. The flat percentage reduction 
from historical base acreages was fairly adequate from the 
viewpoint of a short-time emergency program of production 
curtailment, but truly inadequate from the viewpoint of a long-
time program for soil conservation. Parity prices, even in their 
broadest interpretation, are unsatisfactory guide posts for long-
time production adjustments, and are absolutely useless for de-
termining adjustments in soil conservation. Character and size 
of benefit payments under the AAA programs must be consid-
ered, equally untenable for a long-time policy. All these phases 
clearly demonstrate the emergency character of the AAA pro-
duction control schemes. 
REQUIREMENTS FOR A LONG-TIME PROGRAM IN THE 
CORN BELT 
The major issues involved in the development of a long-time 
program of fundamental agricultural land use adjustments in 
the Corn Belt in contrast to the AAA emergency programs are: 
(1) Introduction of soil conservation as a major objective 
of agricultural policy and the correlation of this objective with 
(Irderly production. 
(2) Establishment of suitable standards of land use and soil 
management adapted to regional and local conditions. Histori-
cal bases for acreages of specific crops should be avoided as 
they tend to "freeze" acreages and production according to a 
pattern incidental to a few base years and are wholly inade-
quate for a great number of farms. 
(3) Differentiation of adjustment/:l between regions as well 
as between individual farms within each region on the basis of 
land types. This differentiation should be determined largely 
by the requirements of soil conservation and such factors as 
alternative. opportunities for various products in a given re-
gion, and comparative advantage of various regions for a given 
product. 
All these issues are organically interdependent. Much 
thought and research are needed before we can hope to solve 
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adequately these complex problems and clear the way for the 
shift " from a crude and uniform emergency program to a re-
fined agricultural land use adjustment policy. 
RESEARCH PROJECTS IN AGRICULTURAL ADJUSTMENT 
A start, however, has been made. Herein are presented cer-
tain observations and developments in adjustment research 
which it is hoped may lay the foundation for a more rational 
agricultural land use policy. 
In March, 1934, the Iowa Agricultural Experiment Station 
invited the Production Planning Section of the AAA to enter 
into cooperative research in agricultural adjustment. A project 
entitled, "A Study of Certain Aspects of Corn Belt Agriculture 
in Order to Determine Suitable Policy for Production Reduc-
tion," was initiated.6 The basic objective of this study was to 
suggest desirable crop systems for Iowa that would economical-
ly maintain soil fertility and be consistent with sound farm 
management practices. 
In March, 1935, the Production Planning Section of the AAA 
and the Bureau of Agricultural Economics of the U.S.D.A. in-
vited all 48 states to carryon a "Regional Agricultural Adjust-
ment" project following closely the lines of the Iowa study of 
the preceaing year. Two series of regional conferences were 
held in order to secure a uniform approach and comparable re-
sults. The Production Planning Section in Washington summar-
ized and combined the 48 state reports on desirable agricultural 
production adjustments by main agricultural regions and for 
the country as a whole. This nationwide research project r ep-
resents the first systematic attempt ever made to carryon re-
search on a regional and national scale for the purpose of secur-
ing a scientific basis for agricultural policies.1 
In the following, a brief review of other research activities comple-
menting the basic regional adjustment project is presented. During 
the summer of 1935 the Agricultural Economics Section went one step 
further and initiated a project entitled, "Test of the Economic and 
Technical Practicability of the Agricultural Adjustments Recommended 
for Iowa," in cooperation with the AAA and the Bureau of Agricultural 
Economics. This study comprised a survey of 413 individual farms in 
carefully chosen localities representing the various soil types and type-
of-farming areas of Iowa. Data obtained from these farms were an-
alyzed and used as a basis for testing out the probable effect of certain 
recommended crop acreage adjustments on livestock systems and farm 
income. 
In July, 1935, the " Iowa Farm Adjustment Study Group," consisting 
of 25 farmers selected by county corn-hog production control associa-
tions, and each representing four counties, met in Ames ltnd discussed 
6 Three mimeogr a phed r eports on this pro ject h ave b een prepa r ed. Their 
contents a r e incorpor a t ed in the foll owing pa ges of this bulle tin. 
7 See H . R. T olley, R egion a l Adjustment a nd Democra tic Pla nning . Address 
d elivered before the m ee ting of the A ssoc iation of Land Grant Colfeges a t 
W a shington, D. C., Nov. 20, 1935. 
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with soil experts and economists the results and suggestions that had 
grown out of the adjustment studies. There was no intention on the 
part of the experts to propagate their views or any specific program. 
After the first 2 days of mutual orientation the atmosphere became 
cleared from embarrassment and suspicion and a free interchange of 
observations, ideas and judgments among the farmers themselves as 
well as between the experts and the farmers took place. After one full 
week of intensive work, the farmer representatives went back to their 
counties for a week and discussed the tentative crop adjustments rec-
ommended with neighbors, corn-hog committee members and county 
agents, checked up on figures from corn-hog contracts and returned to 
Ames for another week of intensive study. These men then formulated 
proposals for the 1936 corn-hog program which they presented to a 
meeting of· all 100 county corn-hog committee chairmen for approval. 
These proposals were submitted to Washington and received serious 
consideration in the process of developing the 1936 corn-hog program. 
This procedure appears to be a very promising approach to bringing 
research down to reality, to test the adequacy of results derived from 
research as well as to articulate the ideas and judgments of practical 
farmers on important matters concerning agricultural adjustments. 
In the fall of 1935, a "County Agricultural Planning Project" was 
initiated on a nation-wide scale. Under this project, jointly sponsored 
by the Extension Service and the AAA in Washington, and the state 
extension services and agricultural experiment stations, the counties 
set up county agricultural planning committees consisting of farmers 
and leaders in rural communities. Federal and state agencies fur-
nished statistical data on crops, livestock, soil types, tenancy and other 
relevant factors. The county planning committees, on the basis of this 
statistical background information and of their experiences as farmers 
and observers of local conditions, formed their own judgment and sub-
mitted their proposals with respect to adjustments they, as representa-
tive groups, deemed desirable and necessary in order to fundamentally 
improve the agricultural conditions in their counties from a long-time 
point of view. There can be little doubt that such an approach -to de-
termining some basic uses of our natural and human resources in the 
country has vast potentialities and constitutes a most challenging ex-
periment in economic democracy. 
PURPOSE OF THIS BULLETIN 
It is the purpose of this study to record the procedure and 
preliminary findings of the research project on agricultural 
lund use adjustment. The problems, methods and results of this 
project as they affect agricultural production adjustments of 
the Corn Belt in general and Iowa in particular will be pre-
sented. 
The emphasis lies on the methodology of indicating and an-
alyzing factual material rather than on the descriptive presen-
tation of the facts themselves. Weare in serious need of ade-
quate and effective conceptual tools in the research field of 
agricultural adjustment. In the past the attention of research 
workers in agricultural economics has been focused largely on 
the individual farm organization and on the price and distbbu-
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tive problems of farm products. Regional land use patterns 
and livestock systems, the forces that determine them, and the 
effects they have on the land and its human attributes consti-
tute a relatively new field for scientific inquiry. 
The work under these adjustment studies has been confined 
largely to the problem of production adjustments physically de-
sirable for the establishment of a maintenance agriculture, 
with the primary emphasis on land use patterns and crop sys-
tems which would conserve soil resources as fully as it seems 
economically feasible under the general conditions of past price 
relationships and intensity of farming. This does not mean 
however, that the importance of the many other phases of agri-
culture involved in shaping a sound and effective land use 
policy has been ignored. We know, for instance, t.hat the Corn 
Belt faces serious problems in land tenure and far-m credit 
which necessarily will have to be considered carefullr.. in a well-
rounded program of agricultural adjustment. The Resettle-
ment Administration and the Farm Credit Administration are 
conducting research work in these and related fields in close 
cooperation with other federal and state agencies. As a first 
approximation, however, we must determine what a rational 
use of our land means in terms of crop systems, acreages and 
production before we can determine adequately and in detail 
the desirable policies in credit, taxation, tenancy, marketing 
and other important fields of agricultural activity. 
Although the crop adjustments proposed represent the best 
judgment of experts concerning practicable soil conservation 
requirements, it should be clearly understood that methods and 
results of these studies are not final. They are still changing, 
are gradually being refined, and improved. Most figures and 
assumptions must be conceived as preliminary and subject to 
r£vision. All figures indicating desirable changes in crop and 
livestock systems are presented mainly to illustrate methods of 
procedure and suggest lines of approach. They are not in-
tended to be accepted as final recommendations but rather to 
invite criticism and to stimulate thinking and further research. 
CHARACTERISTICS OF PRESENT FARMING 
CONDITIONS IN IOWA 
Obviously, a clear understanding of present farming condi-
tions is prerequisite to the development of a fundamental ad- . 
justment policy. We know much about past movements in 
acreages, production and prices of farm products, but we know 
comparatively little about the underlying structure of farm en-
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terprises and their institutional ramifications. The type-of-
farming studies furnish valuable basic material, but in general 
they are as yet too much confined to pure description to be of 
maximum usefulness. The changes in crop and livestock enter-
prises, their interrelationships and the factors determining their 
combinations and relative intensities are highly important is-
sues in formulating long-time adjustment programs. 
The first step undertaken in the economic phase of the study 
was, therefore, an attempt to develop sets of criteria and other 
conceptual tools which would effectively indicate and measure 
fundamental relationships in the farm enterprises in different 
parts of the state. 
PRESENT LAND USE PATTERNS AND CROP SYSTEMS 
Long-time adjustments in agricultural production on the 
basis of farming systems and type-of-farming areas · require a 
concise knowledge of present land use patterns and crop sys-
tems. There are three major classes of land uses within the 
category ' of arable farming: crop land, pasture and timber. 
These land use classes are indicated in terms of percentage of 
the total farm land for all counties in Iowa. To illustrate, the 
"land use patterns" of two extreme counties and of the state 
[IS a whole for 1932 are as follows: 
Percent of all land in farms* 
Allamakee Pocahontas 
County County State 
Crop land** 40 80 64 
Pasture 40 13 29 
Timber 7 - 1 
Waste land, buildings 
roads, etc. 13 7 6 
100 100 100 
*Based on statistics from the Iowa Yearbook for 1932 (assessors' reports). 
**Land used for harvested crop. Does not include rotatIOn pasture and wild hay. 
The land used for timber in Iowa is relatively insignificant 
inasmuch as only 0.8 percent of the total Iowa farm land is in 
timber and wood lots. There is, in general, very little variation 
in waste land, buildings, roads, etc., between counties as almost 
all counties have between 5 and 7 percent of the farm land in 
such uses. The ·analysis of present land uses in Iowa, therefore, 
can be focused largely on crop land and pasture. This does not 
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imply, however, that in some sections of Iowa timber should not 
be expanded or some farm land retired. 
In order to depict the detailed use of the crop land, the major 
crops are expressed in terms of percentage of the total crop land. 
This, then, represents the crop system prevailing in a given dis-
trict. 
The crop systems of two extreme counties and of the state as 
a whole, indicate the range within which the crop patterns vary 
in Iowa (1932) : 
Percent of crop land in: 
Corn 
Small grain 
Hay* 
Other crops 
Percent of farm land in: 
Crop land 
Pasture 
Allamakee 
County 
32 
37 
30 
1 
40 
40 
Fremont 
County 
77 
13 
9 
1 
71 
18 
*Excluding wild hay land~which is usually too poorly drained for cultivation. 
State 
54 
32 
13 
1 
64 
29 
The last two figures put the crop system proper into its pro-
portion to the utilization of the total farm land as a whole. 
This classification is based on the area used for harvested 
crops. For the purpose of indicating the potential use of land 
for crops and rotation pastures, which is a major consideration 
in adapting crop systems to soil types, the above classification is 
modified so as to segregate tillable land. Plowable pasture cer-
tainly is potential crop land. In evaluating crop rotations from 
the viewpoint of their effect upon the soil, hay and rotation pas-
tnre may well be put into one class since the rotation is not af-
fected by whether the grass is used as hay or as pasture. On the 
other hand, perennial legumes have a distinctly beneficial effect 
on soil productivity which other kinds of hay do not have. Hence, 
legume hay is segregated from other hay and includes in this 
category all perennial legumes whether cut for hay or used for 
pasture. Soybeans, an annual legume, are chiefly an intertilled 
crop and are highly conducive to erosion on rolling land 
whether they are used for grain or hay. Corn and soybeans, 
therefore, may be grouped together in one class. The crop 
system for Iowa (1929) modified from the viewpoint of adapt-
ing crop systems to soil conditions is shown below (the crop 
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systems for the Iowa type-of-farming areas are presented in 
fig. 6 of the appendix) : 
In percent of 
tillable land * 
Corn and soybeans ________________________ 40 
Small grain ______________________________ 26 
Legume hay ______________________________ 4 
Other hay and plowable pasture____________ 26 
Other crops** ____________________________ 4 
• Crop land plus plowable pasture . 
•• Includes idle crop land and crop failure. 
No statistics on temporary rotation pasture as distinct from 
permanent plowable pasture are available. Although plowable 
pasture represents potential crop land, only part of it is actually 
under rotation, which should be borne in mind in interpreting 
present crop systems. Unfortunately data on plowable pasture 
are available only for census years.s It should be clearly under-
stood that tillable land as derived from census reports repre-
sents by no means land suitable for cultivation from the view-
point of soil conservation. 
It will be seen later that the establishment of an adequate ex-
pression of the crop system is of great practical significance, 
since a regionalized adjustment program depends on present 
crop systems as a guide for working out detailed adjustment 
provisions. 
FEED UNIT PRODUCTIVITY OF CROPS AND PASTURE 
For evaluating changes in crop systems, the establishment of 
a unit of measurement which reduces all crops to a common 
ksis is highly serviceable. 
In Iowa this is a relatively simple task, since practically all 
crops are fed to livestock. The logical unit, therefore, is the 
feed unit. By converting all feeds produced into feed units, 
it is possible to estimate the effect of a proposed change in the 
crop system on the aggregate physical crop output of a given 
farm or area. . . 
The feed value of the conventional quantity-unit of the spe-
cific crops (bushels for grains, tons for hays) is estimated and 
expressed in terms of f eed units. One feed unit represents the 
feed equivalent of one bushel of corn. These feed equivalents 
are estimated on the basis of digestible nutrients, allowing for 
the average quality of the specific feed crops as produced on 
farms throughout the state, and assuming they are fed in 
proper combinations to the proper kinds of livestock. 
8 The Iowa Weather and Crop Bureau is subdividing for the first time the 
pasture column in the annual assessors' reports into plowable, woodland and 
other non-plowable pasture in its a~nual census of 1935. 
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The following feed equivalents ( conversion factors) 
used:" 
1 
1 
1 
1 
1 
1 
bushel of corn 
" oats 
equivalent to 1.00 feed units 
0.43 
1 ton of 
1 
1 " " 
" barley 
" wheat 
rye 
" soybeans 
legume hay 
mixed hay 
timothy hay 
silage 1 
1 pasture season (6 months) 
for a mature cow· 
1 acre of cornstalks and ears 
left on the field·. 
" 
" 
0.73 
1.07 
0.75 
1.34 
18.00 
15.00 
13.00 
6.70 
" 
38.70 
4.00-5.00 " 
are 
• The feed equivalent of the intake of grass by a cow during a pasture sea-
son of 6 months Is estimated at 2.15 tons of legume hay, or 2.58 tons of mixed 
hay, or 38.70 bushels of corn (feed units) . 
•• On acres yielding under 35 bu. 4.00 feed units 
35-45 bu. 4.50 feed units 
over 45 bu. 5.00 feed units 
These conversion factors must be used with a great deal of 
discretion. ·The realized feed value of any individual kind of 
feed varies widely according to quality, combination with 
other feeds, kind of livestock to which it is fed and general 
efficiency in feeding operations. 
The concept of the feed unit implies that one feed unit of 
corn, for example, can be substituted by one feed unit of oats 
or hay or any other feed without affecting the performance of a 
given animal. 
It is obvious that this holds only within rather narrow limits 
of substitution, and that these limits are different for various 
feeds as well as various kinds of livestock. The limits of sub· 
stitution for corn and barley are much wider than for corn and 
hay; hay can substitute for corn within much wider limits in 
• These conversion factors are subject to re.vision and refinement. They will 
vary as between regions according to quality of the respective crop and pre-
vailing feeding methods. Account should be taken of the fact that the digesti-
ble nutrients of feeds as quoted by standard sources are derived from feed 
samples of a markedly better quality than are generally available on the av-
erage farm. Moreover, waste involved In the every-day feeding practices on 
the farm is apt to be considerably greater than under laboratory conditions. 
As far as possible, these factors have been considered In establishing the feed 
unit conversion factors for Iowa. The following Index of feed values, used 
by the Wisconsin Agricultural Extension Department, has been used as a point 
of departure: 
Relative feeding values when used in proper combinations: (Base 100%) 100 lbs. of corn ______________ 100 
.. oats _______________ 85 
barley _____________ 95 
wheat _____________ 100 
rye _______________ 95 
legume hay ________ 65-70 
mixed hay _________ 55 
timothy hax _______ 50 
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the cattle ration than in the hog ration. In general it can be 
said that the range of substitution of one feed for another is 
rather wide within the group of feed grains or within the group 
of roughages, but is limited regarding the substitution of 
roughages for concentrates. Each kind of feed, moreover, has 
specific physiological effects that are not measurable in terms 
of digestible nutrients; e.g., the physiological values of pastur-
age and oats for growing stock are not adequately expressed by 
their nutritive values. One feed unit of corn in combination 
with a protein supplement produces more pork than it does 
without protein supplement. The bulkiness of hay limits its 
substitution for concentrates. 
Strictly speaking, one bushel or ton of a specific feed stuff 
would call for as many different conversion factors as there 
are different qualities and different combinations in feed rations 
and different kinds of livestock. No such refinement of conver-
sion factors has as yet been attempted. The factors indicated 
above assume average quality of farm-grown feed stuffs in 
Iowa and are valid only within narrow limits of substitution of 
the specific feeds in the feed rations. They apply only to aver-
age Iowa conditions. For more fundamental research covering 
larger regions, the "Total Digestible Nutrients" is probably a 
more satisfactory unit, as it is independent of any specific 
crop of specific quality. 
Based on these feed equivalents and the average 1928-1932 
yields, the feed unit productivity per acre of the various crops 
for Iowa is estimated to be as follows: 
Corn· 43.0 feed units per acre 
Oats·· 15.2 
Barley·· 20.7 " 
Wheat·. 20.0 
Rye·· 10.6 
Soybeans·· 20.5 
Alfalfa 47.9 
Clover 28.3 
Mixed clover and timothy 20.1 
Soybean hayt 34.2 
Permanent pasture 14.7 
Rotation pasture 20.4 " 
• Includes stalks and ears left on the field: 38.0 average graIn yield plus 
5.0 as allowance for stalks and ears left on the field. See footnote to preced-
ing table . 
•• Does not Include feed value of straw. An estimate of the degree of utlll-
zation of straw for feed on the average farm by type-of-farming areas would 
be necessary. 
t Includes beans. 
This comparison of the feed productivity of the various crops 
in Iowa is helpful in evaluating proposed changes in the crop 
system. With the exception of alfalfa, the alternative crops 
which could replace corn produce from one-third to three-
fourths of what corn produces in terms of feed units. 
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The data on feed unit productivity of crops and pasture are 
computed for all 99 counties of Iowa. Figures 7 and 8 in the 
appendix show the average yields of crops and pasture. 
The estimates of pasture productivity are tenta.tive. Rota· 
tion pasture is evaluated on the basis of the mixed hay yield 
of the respective county, making allowance for the higher pro-
ductivity of sweet clover pasture as compared to mixed clover 
and timothy pasture.10 Permanent pasture is appraised by its 
average carrying capacity (acres per mature cow), roughly esti-
mated for each county. (See fig. 8, appendix.) The feed value 
of pasturage consumed by a cow is assumed as being equivalent 
to 2.15 tons of legume hay, or 38.7 feed units. The number of 
acres necessary to carry a cow through a pasture season of 6 
months (= carrying capacity) divided into 38.7, then, is the 
feed unit production of one acre of permanent pasture. 
The feed unit production from each crop and from pasture is 
computed for all counties and townships, based on 1932 acre-
ages and 1928-1932 average yields. For the pasture production 
of townships, the respective county yields are used, because 
data on pasture productivity by townships are not available. 
The following analytical tools were co~structed on the basis of 
feed units. 
The "feed supply structure'; represents the percentage dis-
tribution of the total feed units by crops and pasture available 
for feed in each county, after allowances for in- or out-ship-
ments of corn and oats were made. This feed supply struc-
ture influences the livestock system prevailing in each county 
(see p. 360). It is, therefore, a valuable guide for esti-
mating changes in the livestock system resulting from a pro-, 
posed change in the crop system and the corresponding feed 
supply structure. The feed supply structures of two extreme 
counties and of the state as a whole are as follows (see fig. 13 
in appendix) : 
Feed Units in Percent of Total 
Appanoose Wright State 
County County 
Corn 38 67 58 
Small grain 8 r r 13 12 
Hay 18 r : 6 10 
Pasture 36 r , ," 14 20 
100 100 100 
---
10 To obtain the tota l feed unit production of a county, the proportion of ro-
tation pasture to the tota l pasture has been estimated, because no statistics 
are available on rotation pasture. These rota tion pasture estimates are a lso 
subject to revision. Unfortunately the data on pasture yields are exceedingly 
scant. 
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Total feed unit production pM' farm, obtained by dividing the 
number of farms into the total feed units produced in a county 
or township, is a useful indicator of the aggregate output per 
farm, In developing a differentiated adjustment program, re-
gional differences in the level of productivity per farm must be 
taken into account, since a shift from a high-productive crop in 
terms of feed units per acre (e.g. corn) to a lower productive 
crop (e.g. hay) has different implications on a farm producing 
5,000 feed units than on one producing only 2,000.11 Extensifi-
cation of the crop system on farms already low in aggregate feed 
unit production suggests farm consolidation 'or other major re-
adjustments in the farm organization (e.g. definite change in 
type from corn-hog to dairy) , while farms high in feed unit pro-
duction may more easily absorb a shift of some land from a 
high-productive crop to a lower one. 
Feed unit production per acre is an adequate measure of the 
general level of soil productivity of a given area. It represents 
a composite yield, including all crops and pasture. It is ob-
tained by dividing the total feed unit production of a county or 
township by the number of farm acres. On a county basis, it 
ranges from 13.3 in Davis County to 31.2 in Pottawattamie 
County, the average for the state being 24.4. (See fig. 10, ap-
pendix.) 
Intra-regional differences in the level of soil productivity 
should be recognized in developing a program, since, by and 
large, alternative opportunities available to the farmers in a 
given area tend to decrease with decreasing soil productivity. 
Feed unit production is not a comprehensive measure of farm 
or acre output, where food products for direct human consump-
tion occupy a significant acreage. Where wheat and rye are 
grown for milling, they should not be expressed as feed units. 
Here, the physical output per farm or per acre can hardly be 
measured by a single term. Crop value per acre data for cash 
crops may supplement the feed unit data for feed crops. This 
renders the analysis of the effect of proposed crop changes on 
aggregate output more difficult and complicated. Obviously, 
this holds true also for areas where substantial amounts of com-
mercial fertilizers are generally applied. 
COMMERCIAL MOVEMENTS OF FEED GRAINS 
In order to estimate the net amount of feed supporting the 
livestock system of a county, allowance must be made for 
the inter-county movements of feed grains. Statistics on the 
in- and out-shipments of corn and oats during 1929-1932 for all 
11 On a county basis average feed unit production per farm ranges from 
1.823 In Appanoose County to 5.325 In Humboldt County. The average for the 
State Is 3.923. See fig. 11. appendix. 
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Iowa counties are available in two recent publications of the 
Iowa Agricultural Experiment StationY 
The average net in- or out-shipments of corn and oats are 
expressed in percentage of the production. This percentage 
shipment figure serves as a valuable measure of feed grain 
surplus or deficit in a given county. It also indicates the rela-
tive prevalence of cash-grain farming. (See fig. 12, appendix.) 
The shipments of corn and oats vary between a surplus of 54 
percent and 69 percent of the production, respectively, in Cal-
houn County and a deficit of 6 percent of corn and 2 percent of 
oats in Jackson County. 
, In arriving at the feed supply structure, these normal per-
centages of net in- or out-shipments have been applied to the 
production of corn and oats. Shipments of other feed grains 
and hay have been disregarded because they are of minor sig-
nificance in Iowa. 
ANIMAL UNITS AND LIVESTOCK SYSTEMS 
An app'roach analogous to the feed unit and feed supply 
structure is made with regard to livestock. A significant change 
in the crop system entails changes in the livestock system, and 
in order to evaluate the directions and probable degrees of such 
shifts, a common denominator for all kinds of livestock seems 
serviceable. 
The number of animals with a feed requirement equal to that 
of a mature cow (of average weight and average productivity) 
constitutes one animal unit. The conversion factors used are :13 
1.0 head of cattle 2 years and older equals 1 animal unit 
2.0 head of cattle 1 to 2 years old "" 
4.0 calves under 1 year old 
1.5 beef steers 
1.0 horse 2 years and older 
2.0 colts 1 to 2 years old 
4.0 colts under 1 year old 
3.5 sows 
7.5 pigs 
7.0 sheep (ewes and rams) 
14.0 lambs 
100.0 hens 
No standard animal unit conversion factors can be applied 
throughout the nation. They must be adapted to regional con-
ditions. They are based on feed requirements, not only for 
maintenance, but also for production at the level prevailing in 
the region. The animal units used in this study have been es-
tablished in cooperation with animal husbandry specialists, tak-
ing into consideration the relevant factors in the average feed-
12 R. C. Bentley, "The Destination of Iowa's Commercial Corn," Agr. Exp. 
Sta. Bu!. 318, and R. C. Bentley, "The Destination of Iowa's Commercial 
Oats," Bu!. 327. 
13 These animal units correspond only partly to the conventional units quot-
ed in "Farm Management" by G. F. Warren, p. 210. 
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ing operations on Iowa farms and the average feed require-
ments of Iowa livestock of average productivity. One animal 
unit, therefore, represents an amount of livestock whose feed 
intake at an average level of productivity equals that of an 
average mature cow (around 120 feed units), assuming the feed 
is fed in proper combinations to the proper kinds of livestock 
l1nder conditions of prevailing feeding efficiency. 
The establishment of animal units involves difficulties analo-
gous to those encountered in establishing feed units. The con-
cept of an animal unit implies the same feed consumption in 
terms of feed units (or T.D.N.'s) regardless of the kind of live-
stock. One hog animal unit consumes the same amount of feed 
equivalents as one cattle or sheep or poultry animal unit. 
Obviously, the various kinds of livestock utilize the various 
kinds of feed with varying degrees of efficiency. A given feed 
supply structure can be utilized only by a limited number of dif-
hrent combinations of livestock enterprises. Here, again, the 
limits of substitution of one kind of livestock for another are 
much wider within the group of concentrate-consuming live-
stock (chiefly hogs and poultry) or within the group of rough-
age-consuming livestock (chiefly cattle, sheep and horses) than 
they are for the substitution between these two groups. Hogs 
are poor utilizers of roughage, and beef ·cattle breeding stock 
are relatively poor utilizers of grains. As supplementary feeds, 
however, they may not only be used in the respective livestock 
enterprises with great efficiency, but even increase the degree 
of utilization of the major kinds of feed. All these facts-and 
there are many more-must be kept fully in mind in working 
with feed and animal units. 
Strictly speaking, then, different conversion factors should 
be applied to cows of different weight, different milk production 
and different breeds, to grass fed steers and to steers fed in dry 
lot, to grass fed lambs and to grain fattened lambs, to various 
classes of hogs, etc. In the present study, the animal unit con-
version factors have been differentiated only by age classes, as 
indicated above. 
A graphical correlation between total available feed units 
(after allowances for in- and out-shipments of grains) and total 
animal units for the 99 Iowa counties shown in fig. 1 suggests, 
however, a reasonable accuracy of the estimates of feed units 
and animal units. If we divide the total available feed units 
by the total animal units of each county, 90 percent of all coun-
ties fall within the range of 100 to 140 feed units per animal 
unit, representing a variation of plus or minus 16.7 percent 
from the mode 120. Many of the more extr~me variations can 
be explained by special known circumstances, such as skimmilk 
fed to hogs, differences in the degree of utilization of pasture, 
comparative efficiency in feeding practices, etc. 
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Fig. 1. Relationship between total feed units available and total animal 
units on farms, by counties. 
The number of animals in each kind of livestock in each coun-
ty has been converted into animal unitsY By expressing the 
animal units in each kind of livestock in percentage of the total 
animal units, the "livestock system" prevailing in each county 
is obtained. Again, to illustrate the range within which the 
livestock systems vary in Iowa, the systems for the extreme 
counties and for the state as a whole are: (See fig. 14, ap-
pendix.) 
Animal Units in Percent of Total 
Appap.:oose Washi!l,gton State 
-
County County 
Hogs 17 50 37 
Cattle 46 27 38 
Sheep 11 3 3 
Horses 19 15 17 
Poultry 7 5 5 
100 100 100 
The correspondence between feed supply structure and live-
stock system is apparent. Appanoose County is highest in hay 
H All livestock data on a county basis are taken from the 1930 census, ex-
cept the data on hogs which come from the semi-annual Iowa pig survey 
(1929-33). The census data on hogs are quite inadequate. 
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and pasture and cattle and sheep. Washington County is high 
in corn and hogs. These two patterns, the feed supply structure 
and the livestock system, are useful criteria in evaluating the 
possible consequences of certain changes in the crop system 
with regard to the livestock system. (See p. 397.) Assuming a 
fairly efficient adaptation of livestock to feeds in the past, pos-
sible changes in the livestock system resulting from a certain 
substantial change in the feed structure can be estimated by 
analogy. Graphical correlations carried out between feed 
structures and livestock systems seem to confirm the feasibility 
of this approach, If, however, the change in the feed structurt: 
is only moderate, the livestock system may not change material-
ly, due to the substitutability among kinds of feed as well a~ 
kinds of livestock. 
This method of visualizing the livestock system as a whole in 
its adaptation to the feed supply structure as a whole is likely 
to contribute much to the understanding and constructive an-
alysis of many problems related to type ef farming and com-
parative advantages of enterprises; besides it may furnish a 
useful tool in agricultural land use adjustment research. 
A number of other criteria based on this concept of animal 
unit ·are developed and used successfully in the analysis of live-
stock problems. The density of livestock population, or the 
relative intensity of livestock enterprises in a given area, is 
more accurately measurd by animal units of hogs, cattle, sheep, 
etc., per 100 acres of farm land than by livestock numbers. 
Hog animal units per 100 acres vary from 2.0 in Appanoose 
County to lOA in Cedar County, the state average being 6.7. 
Cattle animal units vary from 4.5 in Fremont County to 9.2 in 
Dubuque County. The state average is 6.8. . 
MQreover, the use of animal units, instead of heads of live-
stock, facilitates the direct comparison of relative intensities of 
the various livestock enterprises within one area. The extent 
to which the cattle enterprise in an area is used for dairying is 
more adequately expressed by the "gallons of milk produced 
per cattle animal unit" than by the" number of cows milked" 
or the" gallons of milk produced per cow. "15 Milk per cattle 
animal unit varies from 174 gallons in Wayne County to 445 in 
Bremer County, the state average being 282 gallons. (See fig. 
15 This statement m ay appea r somewh a t inconsistent with the concept of 
a nima l unit. If one cow of average productivity, producing, let us say, 200 
lbs . of butterfat, represents one a nimal unit. a cow producing 500 lbs. of but-
terfat r epr esents more tha n one animal unit, let us say 1.5 a nimal units. In 
other words, if variations in the productivity of cows were fully accounted 
for in the computation of animal units, the variation of milk produced per cow 
animal unit would be considerably smaller than tha t per cow. There would 
still be variation, however, because the part of the feed Intake used for body 
maintenance is roughly the same for a low as it is for a high producing cow. 
The term "milk produced per cattle a nimal unit," however, does not refer to 
cows, but to tota l cattle including calves a nd feeders. Even If the cattle ani-
mal units were set up with minute correctness, this term still would ade-
quately measure the intensity of dairying within the total cattle enterprise. 
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15, appendix.) Hence, Wayne County has the strongest em-
phasis on beef of any county in the state, and Bremer on dairy-
ir:g, in their respective cattle enterprises. 
Even though the importance of such livestock data on devel-
oping an adjustment program may seem somewhat remote, they 
nevertheless are useful in a real sense. Recommending crop 
systems without having rather definite notions on what the cor-
responding livestock systems will be, is likely to engender 
serious miscalculations and shortcomings. Statistics and re-
search on crops and yields are much more reliable and abundant 
than those on livestock, and any additional information and 
analysis concerning livestock systems are needed all the more. 
In order to present the existing farming characteristics in a 
comprehensive way, 16 criteria of prime significance, most of 
which have been discussed above, are worked out by counties 
and type-of-farming _ areas and grouped together on one map. 
Such a synopsis of criteria is exceedingly helpful in visualizing 
sectional differences in the agricultural set-up. The criteria are 
so chosen as to indicate the functional interrelations between 
the various factors and to depict the farming enterprise in its 
organic entity. (See fig. 16, appendix.) Even though the map 
may look, on first glance, somewhat crowded, the advantage of 
such a synoptical presentation of criteria will soon become 
evident. 
THE ECONOMIC PROBLEM OF SOIL CONSERVATION 
-Balancing the output of agricultural products by adjusting 
present production to current demand does not necessarily in-
volve the problem of soil conservation. A production control 
program of fiat percentage decreases or increases from a his-
torical base (acreage or production) may succeed in adjusting 
supply to demand. The problem of soil conservation, however, 
would remain largely unsolved, for the present differences in 
degrees of maladjustments in land use between areas as well 
as between farms would continue to exist; the fiat percentage 
adjustments are not fitted to the requirements of local soil and 
erosion conditions. The introduction of the soil conservation 
objective into a long-time adjustment is, therefore, essential for 
farming areas where soil deterioration is threatening to under-
mine the future of farmers and rural communities. 
The areas where present farming methods result in serious 
losses of soil fertility comprise large sections of the three great 
agricultural regions: the corn, wheat and cotton belts. It is in 
these sections that a long-time adjustment program may effec-
tively be centered upon soil conservation. In the northern 
dairy states and the southern fruit and vegetable regions, the 
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agricultural land use problems are of a decidedly different na-
ture. (See p. 408.) I 
,SOME CHARACTERISTICS OF SOIL EROSION AND DEPLETION 
Erosion is the most conspicuous form of soil deterioration 
and, from an economic viewpoint, also the most dangerous be-
cause of its irreversible character. Once the fertile top soil is 
washed away and the land is dissected by numerous gullies, it 
is extremely difficult and often impossible to restore a profitable 
level of productiveness. Even on soil types where erosion oc-
curs predominantly in the form of sheet erosion and where the 
subsoil still can be farmed, subsoil farming implies a lower level 
of productivity and leads to a greater proportion of grasses 
and legumes in the crop system unless the land is to be aban-
doned. Why not, then, adjust the crop system on the fertile 
top soil so as to keep it from eroding and thereby safeguard the 
higher level of soil productivity for years to come 1 This, the 
conserv~tionists argue, should certainly result in a net gain to 
farmers and society in the long run. 
The case is somewhat different with respect to depletion of 
plant nutrients and organic matter through crop removals and 
leaching, which occurs on rolling as well as on level land. It 
is true that heavy cropping to grains, particularly corn, causes 
a relatively rapid depletion of available plant nutrients, accel-
erates the increase of soil acidity and losses from leaching, and, 
perhaps most important of all, disturbs the balance of soluble 
nutrients in the soip6 None of these losses is, however, irre-
placeable. Plant nutrients and organic matter can be restored 
to the soil through commercial fertilizers and manure, and ex-
cessive soil acidity can be corrected by liming. Whether it is 
economically profitable to do this, of course, depends entirely 
on the relative prices of inputs and farm products. 
It may be said, however, that the general cost level of agri-
cultural production is likely to rise if the natural soil fertility 
is allowed to fall below a certain plane since additional inputs 
of capital and labor have to r eplace ,what nature once furnished 
free of charge. In order to maintain the aggregate volume of 
farm production necessary to support the farm and rural town 
population, the decline in natural soil productivity must be 
compensated for by increased application of manure, limestone 
and fertilizers, by increased expenses for tilling and weed con-
trol, by the use of more complicat ed rotations which require more 
labor and higher managerial skill. This increase in cost will, 
of course, be at least partly reflected in higher prices of farm 
products which mean higher food costs to the consumer with-
18 Depletion on roiling la nd tends to accelera te erosion. The followIng sta te-
ments, therefore, pertaIn prima rily t o level land. 
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out yielding higher net incomes to the farmer, consequently a 
net loss to society as a whole. 
This line of reasoning, while extremely general, indicates the 
ground upon which soil conservation as an objective of national 
policy is justified. The problem of the socio-economic implica-
tions of a soil conservation policy and the justification of such a 
policy in the light of i)lI blic welfare not only deserves, but 
urgently requires, painstaking scrutiny lest soil conservation 
become a subterfuge for monopolistic production control or for 
outright subsidies to a specific class of society. 
LEVELS OF NATURAL SOIL FERTILITY 
Granting the fundamental soundness of a public policy of 
soil conservation, highly intricate problems arise if an agricul-
tural program of soil conservation is to be developed. They 
center around the question: )Vhat is the level of natural soil 
fertility which should be stabilized in order to maximize the 
economic returns from the land over a long period of time 1 
Men do not live for the purpose of conserving the soil, or else 
it would be best to have the Middlewest depopulated and re-
turned to a few thousand Indians and some buffalo herds. 
No one could hav.e impressed the pioneer who broke the prai-
rie sod, by pleading soil fertility maintenance and erosion con-
trol. And there are at present sections in the Corn Belt that 
have been cropped only a few decades and, therefore, still 
possess so high a fertility that the farmers shrug their shoulders 
at the word soil conservation. 
On the other hand, many communities in the East and South, 
burdened with abandoned and run-down farms, with a painful 
memory of prosperous days long past, may well deplore their 
failure to Rll.feg'uard the producing power of their land in time 
to prewnt the decline of which the community is now a victim . 
. Clearly, between the virgin fertility and the complete ex-
hflu"tion of thE' soil reRources , there is a level of natural fertility 
""hich :::hould be stabilized in order to maximize the usefulness 
of the land to I'ociety. JURt where this level lies is hard to de-
termine. With respect to erosion, the depth of the surface 
soil, and number and size of gullies, are highly important cri-
teria which can readily be ascertained. With respect to soil 
depletion, the organic matter content, the degree of acidity, 
weedR and plant diseases, and the response of crop yields to cer-
tain fertilizer treatments help to determine where definite soil 
conserving practices should be employed. The conscientious 
determination of the desirable level of natural soil productivity 
is one of the most difficult, yet most important, problems that 
must be solved before a fundamentally sound program of soil 
conservation can be developed. 
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Public funds used to induce conservation measures on land 
whose natural fertility is still so high that there is no need for 
concern for decades to come are spent unwisely from the public 
viewpoint of a soil conservation policy. This is certainly true 
as long as there are lands where such funds could be used to 
greater advantage. With respect to the Corn Belt, it may be 
said that erosion on rolling land, due to its irreversible charac-
ter, its rapid rate of progression and its indirect effects on the 
lower lands (flood, silting of streams and reservoirs, etc.), de-
mands immediate attention more urgently than does soil deple-
tion on level land. 
In view of the present status of American agriculture and its 
historical development, the public interest requires that the 
level of natural fertility be stabilized wherever there are indica-
tions that the productivity of the farm land in a given area is 
likely to decline within the next 3 to 5 decades to a point where 
the area will no longer support the present farm and rural-
town population with all its public services and institutions. 
Given these conditions, an active public policy of soil conserva· 
tion is desirable, if not imperativeY 
THE "BREAKING POINT" OF NATURAL FERTILITY 
The crucial question arises: Is it possible to determine with 
reasonable accuracy the imminence of the decline of soil fer-
tility in a given area ¥ 
Before discussing this question, however, it seems advisable 
to clarify the concept of "natural soil fertility" and to consider 
its relation to crop yields and to technological improvements. 
"N atural soil fertility" refers to the natural fund of cur-
rently available plant nutrients and other chemical, physical 
and biological con.ditions in the soil. If, assuming constant 
climatic conditions, a given piece of land is put into corn of the 
same variety year after year with a constant minimum applica-
tion of labor and capital input, the corn yields represent a true 
measure of the natural fertility of this piece of land. IS Start-
ing with a virgin tract of rolling erosive prairie soil, 'corn yields 
st.ay fairly high for a number of years-until losses of top soil 
through erosion, decrease in organic matter content and water-
holding capacity reduce the fund of available plant nutrients 
17 It is assumed that the rural population is, at present, adequately sup-
ported by the returns from the land. In some areas which may be called 
"submarginal" with reference to their present farming pattern, but not for 
farming in general, erosion control may imply farm consolidation and emi-
gration of a minor part of the farm population. This, for instance, seems to 
hold true for several sections of southern Iowa. Soil conservation on truly 
submarginal farm land, however, involves an entirely different set of prob-
lems and has not been considered in the present study. In Iowa there is hard-
ly any tract of land as large as a township which could be adjudged truly 
submarginal for arable farming. 
,. Provided, of course, that soil and climate are adapted to the growth of 
corn which Is used here merely as an Illustration. 
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sufficiently to cause a yield decline. First, the decline will be 
gradual. But erosion, crop removal and tillage decrease plant 
nutrient and organic matter content and waterholding capacity 
of the soil. The decrease in the latter, in turn, accelerates 
erosion. The rate in the decline in yields increases progressive-
ly during a period of years-until yields approach the point 
where crop residues and decomposition .of soil material just 
balance the soil loss through erosion and the loss of nutrients 
through crop removal. From that point on the decline will 
slow down, and the yields may eventually become stabilized at 
a much lower level. This process is roughly illustrated by 
curve A in fig. 2. The point, or better section, of the curve 
where the rate of decline, that is the slope, begins to increase 
materially, may be referred to as the" breaking point of natural 
fertility. "19 
But people learn, and progress forges ahead. In the above 
example a constant minimum application of labor and capital 
input under a constant technique has been assumed in order 
to measure the natural soil productivity. Now, an attempt is 
made to indicate the character of the effect of technological im-
provements on yields. . 
If we imagine the historical progress in the prevailing tech-
nique of growing corn being applied to a level piece of land of 
abundant natural funds of available plant nutrients, the result-
ing corn yields will fairly closely reflect the effect of these tech-
nological improvements (assuming constant climatic condi-
tions.) In the beginning of the era of agricultural science and 
of commercialization of agriculture, the rate of progress in the 
prevailing technique was low. Experience in cultural methods 
gradually accumulated in experiment stations and out on the 
farms, under the stimulus of commercialization and competi-
tion. The yields on our imaginary field begin to rise. Better 
plows are built, discs, planters, cultivators are perfected so as 
to improve the timeliness of field operations, drainage tiles are 
laid, higher yielding varieties are developed and seed testing is 
more generally adopted, and educational services in conjunc-
tion with higher farm incomes and an acute interest on the part 
of the farmers to increase their crop yields lead to a rather 
rapid and general adoption of these technological improve-
ments. The rate of increase in the corn yields of our imaginary 
field is on a strong upgrade. After a period of ~ears, many 
, . It should be clearly understood that this dia gram is not based on 
experimental or statistical data, but is purely a schematic illustration of the 
combined effect of decline in natural fertility and of technological advance on 
the yield level. If, in a given region where the breaking of virgin soil was 
soon followed by technological improvements, the technological improvements 
curve is shifted to the left, an increase in the yield level precedes the yield 
decline. If, in another region where the land was farmed exploitively long 
before technological improvements were applied, the B-curve is shifted to the 
right, the yield curve starts declining earlier than is indicated on the above 
diagram. 
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Fig. 2. Schematic diagram of combined effect of soil fertility losses and 
technological improvements on crop yields, under conditions of exploitive 
farming. 
farmers have taken advantage of these technological improve-
ments, and fewer and fewer farmers are left on the former low 
lovel of production efficiency. Education is still going on, im-
plements are constantly being improved, but the rate of prog-
ress in the commonly prevailing production technique is slow-
ing down, at least until some new discovery invades the field 
and revolutionizes the common production technique. The in-
crements in corn yields on our hypothetical field are gradually 
decreasing, although the total yield per acre is, of course, still 
definitely on the increase. This process is roughly illustrated 
by curve B in fig. 2.20 
Almost any larger area in the Corn Belt, such as a township 
or county, comprises bodies of both rolling eroding land and 
levelland, with all degrees of transition and in widely varying 
proportions. Throughout the Corn Belt both of these processes 
20 This is only a crudely simplified picture of the multitudinous phases of 
technological improvements. Considering the Corn Belt as a whole, many other 
improvements in technique have tended to support yields; for instance, drain-
age, expansion of livestock enterprises resulting In manure applications, use 
of green manure, limestone, fertilizers, etc. It is, however, the opinion of the 
writer that the above curve roughly depicts the essential character of the 
process of technological evolution in specific fields of human endeavor. Any 
revolutionary discovery, of course, would markedly infiuence the shape of the 
curve, provided the discovery is followed by its general adoption In the pro-
duction field. This adoption Is governed by the relative cost entailed and the 
input-output relationships obtained. This fact is constantly limiting the gen-
eral application of scientific findings to the production process, and does so 
especially in agriculture which Is particularly subject to the law of diminish-
Ing returns. 
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-decrease in natural fertility and increase in technological im-
provements-have been in progress simultaneously, although at 
various degrees of intensity in the various sections of the re-
gion. The summation of the two theoretical curves A and E, 
therefore, represents the effect of these two types of processes 
upon the actual average crop yields in the area, as illustrated 
hy curve C in fig. 2. Needless to say, this curve is as theoretical 
and over-simplified as are those from which it is derived. 
This line of reasoning, however, as it is illustrated by the dia-
gram in fig. 2, brings out several things which may have con-
siderable import on framing a policy of soil conservation. 
First, it becomes evident that natural soil fertility cannot 
directly be measured by crop yields. Hence, the "breaking 
point" of natural fertility does not necessarily coincide with 
the point where yields start seriously to decline. In concrete 
terms: the fact that in a given area the trend of crop yields is 
not declining is no proof that soil fertility is being maintained. 
Technological progress may still offset the losses in natural soil 
fertility; that is, the area may be in a state corresponding to the 
period between the time units 6 and 8 in fig. 2. 
Where yields are definitely declining, technological improve-
ments no longer offset the progressive losses in natural fertility. 
The area is in a state corresponding to the period between the 
time units 8 and 10 in fig. 2. The cost of restoring the former 
yield level which may be essential to supporting the present 
farm population is likely to be higher than would have been the 
cost of maintaining the former yield level by conserving the 
natural soil fertility. Soil conservation, in essence, is a form of 
technological improvement gauged to equalize the inevitable 
decline in natural fertility, that is, to compensate the decre-
ments in fertility by increments in technological progress. The 
greater the fertility decrements, the more costly the increments 
in technique necessary to maintain yields are likely to be. 
Therefore, the most effective and socially most profitable point 
to induce the adoption of conservation measures is probably the 
breaking point of natural fertility rather than the point where 
y:elds definitely begin to decline. 
To summarjze: the progress in production technique (tech-
nologicalimprovement) cannot offset indefinitely and at all 
times the effect of the decline in natural soil fertility on yields 
under exploitive farming.. This holds particularly for erosive 
lands where the progressive character of fertility decline is es-
pecially pronounced. That is, once a fairly high plane of com-
mercialization and production technique has been reached, the 
rate of further technological advance is likely to slow down, 
at least for some time, while erosion and fertility losses con-
<tinue at a progressive rate. The periodic slowing down of tech-
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nological advance is partly due to the fact that technological 
improvement, which often implies higher inputs of capital, labor 
and managerial skill, is subject to the law of diminishing re-
turns. 
This line of reasoning seems to be substantiated by the ex-
perience of the Corn Belt. The general level of corn yields in 
the Corn Belt has been fairly stable for the last few decades. 
This apparent paradox of sustained yields in face of progressive 
soil deterioration21 is partly explained by the fact that the de-
cline in natural fertility has been offset by technological im-
provements, such as better field practices, higher yielding vari-
eties, seed testing, drainage, etc. If there had been no soil de-
terioration yields would have shown a definite increase.22 
Considering a great agricultural region like the Corn Belt as 
a whole, the ultimate effect of exploitive farming would be a 
serious decline in the aggregate farm production of the region. 
Such a decline may lead to shifts in consumption toward non-
Corn Belt products and thus fail to raise the prices of Corn Belt 
products sufficiently to make it profitable to apply the high 
inputs of capital and labor (intensive fertilization, terracing, 
complicated crop rotations, etc.) necessary to maintain the vol-
ume of production at a level which would support the farm and 
rural town population of the region. This, again, seems to jus-
tify public action toward soil conservation in those areas where 
the breaking point of natural soil fertility has been reached or 
is likely to be reached soon. 
REGIONAL ALLOCATION OF EMPHASIS ON CONSERVATION 
Soil conservation as an objective of public policy is of a 
relative rather than absolute character. It is not a matter of 
c0mplete preservation (and replacement) of all plant nutrients 
and soil characteristics on all land classes regardless of its eco-
nomic and social implications, but rather a matter of inducing 
an economically adequate degree of conservation on the various 
land classes feasible under present and prospective economic 
aEd social conditions. 
21 It has been estimated that over half of the Iowa soils have lost up to 50 
percent of their original surface soil through erosion. See "Soil Erosion In 
Iowa," by Walker and Brown, Special Report No.2, Ames, Iowa, 1936. . 
22 Furthermore, the inference could be drawn from the pre.ceding discussion 
that on the level land yields may have increased due to the greater net effect 
of technological improvements relative to the slower rate of fertility decline, 
while on the roiling land yields may have tended to decrease due to the greater 
net effect of the higher rate of soil deterioration relative to the effect of tech-
nological improvements. Unfortunately, no systematic a n a lysis of this rather 
complex problem has come to the attention of the writer. A simple compari-
son of yield data from various sections of the state is rather inconclusive as 
the identity of the land to which the yield data refer is not r e t a ined. Therc 
are indications of considerable "swapping" of la nd from bluegrass pasture 
into crops and back to bluegrass pasture which tends to keep up the average 
yield for the area for a considerable period, although fertility is not main-
tained, nor erosion prevented under such a practice. Changes in prevailing 
crop rotations"1Lnd in the distribution of crops over the soil types of the area 
are other factors to be considered. ' .' 
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What, then, are the indications that the natural soil fertility 
ill a given area is reaching its breaking point Y How can the 
likelihood of serious decline in soil productivity within the next 
few decades be ascertained T Should land whose productivity 
has been on the decline for many years be restored to a higher 
level of fertility at relatively high public cost f Should public 
action be confined to erosion control in recognition of the irre-
versible character and indirect detrimental effects of this form 
of soil deterioration, leaving the problem of soil depletion on 
levelland up to the individual farmer and to the slow-working 
action of strictly educational policies Y It is, of course, impos-
sible to give a clear-cut answer to these queries. They will con-
tinue to challenge our best thinkers in the field of agricultural 
land use policy for many years to come. 
The regional allocation of public funds under a conservation 
policy is an issue of utmost importance. In the Corn Belt there 
are lands so badly eroded that they are not worth saving for 
cultivation. They should be withdrawn from arable farming 
and put into grazing land or timber. Conversely, there are 
areas which still have such a deep layer of surface soil and 
such a large fund of nutrients and organic matter that it may 
be economically justified to continue cropping them rather in-
tensively for another decade. Between these extremes, how-
ever, there is much farm land whose natural fertility is rapidly 
approaching or has reached the breaking point, and the decline 
of its productivity can be expected to progress at an accelerated 
speed. These are the farm lands upon which an agricultural 
soil conservation policy should be focused. 
There is little doubt but that soil conservation on rolling farm 
land subject to erosion is more urgent and of more immediate 
public concern than is soil conservation on level land not sub-
ject to erosion. The basis for determining the areas that need 
public attention shall be considered first. 
The relative urgency for erosion control on the farm land of 
a given area depends principally upon two sets of factors: (1) 
present rate and character of erosion; and (2) the present depth 
of surface soil and character of subsoiJ.23 
Where gully and sheet erosion are progressing rapidly, and 
only a shallow layer of topsoil (e.g. A-horizon) is-left on an un-
productive subsoil, need for a vigorous erosion control program 
supported by adequate amounts of public funds is most urgent, 
provided what is left is still worth saving for agricultural use. 
Here the breaking point of natural soil fertility in all proba-
bility was reached years ago. The social cost necessary to con-
•• A third factor may become of prime Importance In some localities, namely, 
the flood hazards of certain watersheds. The location of one of the erosion 
control demonstration areas In Iowa was largely determined by the periodic 
recurrence of great flood damages In the lower parts of the respective water-
shed. 
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trol erosion effectively is likely to be relatively high, because a 
greater departure from present farming practices is necessary 
to prevent further erosion. Far-reaching adjustments in crop 
systems imply shifts in livestock enterprises and types of farm-
ing, and may even necessitate major changes in the prevailing 
farm size pattern and the customary landlord-tenant arrange-
ments. In addition, special erosion control practices, such as 
the building of numerous check-dams in gullies, terracing, con-
tour-farming, etc., are required to supplement the changes in 
land use. All these changes imply a substantial immediate sac-
rifice in current income of the individual farmer, a sacrifice 
which, in most cases, he will not be able to bear individually. 
Public assistance in the form of conditional grants or other 
st.rong inducements for the necessary changes in farming meth-
ods may be fully justified. In Iowa, for example, a large part 
of the southern Iowa Loess Area would fall under this general 
land class. 
Where gully and sheet erosion are moderate, the surface soil 
slightly deeper and the subsoil more friable the immediate 
urgency for public assistance in erosion control may be some-
what smaller. But, from a long-time viewpoint, the net social 
gain from public funds spent for erosion control is apt to be as 
great or greater than in the preceding land class. The present 
lev,el of fertility is considerably higher and the per acre cost 
of erosion control is likely to be lower since the necessary 
changes in farming methods are relatively less drastic and can 
be adopted more easily by individual farmers, considering the 
higher plane of farm income. In this land class the breaking 
point of natural fertility presumably has just been reached or 
will be reached soon, and it is conceivable that the stabilization 
of the present fertility level could be attained with little cost 
and sacrifice. In Iowa large parts of the Mississippi Loess Area 
and the Missouri Loess Area would fall into this land class. 
Where gully and sheet erosion are slight to moderate and the 
surface soil deep or the subsoil potentially productive, the 
problem of erosion control can hardly be considered of grave 
public concern for the time being. The present natural soil fer-
tility is, with respect to erosion, likely to be still far from its 
breaking point since a deep layer of fertile topsoil assures am-
ple funds of available plant nutrients. If erosion occurs as 
sheet erosion at a moderate rate instead of forming gullies 
which dissect the fields and hamper machine operations, then 
rflatively less emphasis on conservation is needed. An effective 
but relatively inexpensive educational program and adjust-
ments in the institutional arrangements of land tenure and rural 
credit may be all that are justified in the public interest. In 
Iowa undulating to gently rolling parts of the Missouri and 
Mississippi Loess areas would fall into this land class. 
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It should be noted that the present rate of erosion which is 
used as a criterion in the preceding discussion is not directly ob-
tainable from the erosion reconnaissance map prepared in 
1934 by the Agricultural Experiment Station and the Soil Con-
servation Service. (See fig. 5.) This map shows the estimated 
degree of erosion in t-erms of percentage of the original depth 
of the A-horizon eroded.24 
Although the data from the Erosion Reconnaissance Survey 
furnish valuable guidance· in determining the relative serious-
ness of the erosion problem in the various areas, the actual 
depth of the surface soil, the character of the subsoil, the ero-
siveness of the soil types under the respective topographic and 
Climatic conditions and the indications of present apparent ero-
sion such as frequencies and depth of gullies and subsoil out-
croppings, must be carefully considered. 
The relative urgency for public action regarding soil con-
servation on level land from an economic viewpoint is in gen-
eral quite minor. To the extent to which soil acidity, poor tilth, 
weed growtIi. and disease infection are caused by soil depletion 
under prevailing exploitive farming and are threatening to re-
duce the productivity of the land sufficiently to render com-
munities or areas economically submarginal for the present pat-
tern of land use, the interest of the public may become more di-
rectly involved. The social cost of a conservation program in 
such areas may be considerably less than the social cost of 're-
habilitating or depopUlating the area after it has dropped below 
the economic margin of production. 
In Iowa, for example, the larger part of the Wisconsin and 
Iowan Drift areas consists of fairly levelland where the nitro-
gen, phosphorus and organic matter supply in the soil is not 
being maintained because of heavy cropping to grains. Here, 
as on gently rolling to level land with moderate erosion and 
deep surface soils, an educational program and adjustments in 
the institutional arrangements of land tenure and rural credit 
seem to be all that could be justified as conservation policy 
from the viewpoint of the public welfare, since no significant 
portions of these soil areas begin to approach exhaustion and 
24 The determination of the original depth of the A-horizon is inevitably 
quite arbitrary. This should not be lost sight of in interpreting the erosion 
map, as even a small error in estimating the inches of original cover results 
numerically in a larger error in terms of percentage of loss. Moreover, no 
information is given regarding the time periods during which the indicated soil 
losses have occurred. Whether it takes 2 yea,s or 100 years to wash away 1 
inch of topsoil is of great significance in determining conservation policies 
for specific areas and land classes. In some areas the erosion losses as indi-
cated on the erosion maps may have occurred long ago, while during more 
recent years erosion may have been adequately controlled by the prevailing 
farming methods. This, for example, seems to be the case in most of north-
eastern Iowa, which shows heavy erosion losses on the erosion reconnais-
sance map, yet relatively little erosion is occurring at present because of the 
general use of well balanced rotations and of considerable amounts of barn-
yard manure supplied by the strongly developed dairy enterprise. 
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Fig. 3. Tentative outline of soil conservation districts In Iowa. 
submarginality for farm production. In fact, they belong to 
the most fertile land areas of the world. 
To summarize: If Iowa should be divided into "soil con-
servation districts" according to the relative urgency for public 
ar;-sistance in conservation measures, strictly from the viewpoint 
of the social interest in conservation of land resources, three 
principal districts could be tentatively outlined as follows (see 
fig. 3) : 
1. Conservation District of First Order: severe gully and sheet 
erosion, shallow depth of surface soil, infertile subsoil. Adjustment 
through quick-working subsidiary, regulatory and intensive demonstra· 
tion measures. Southern Iowa Loess Area: soils of Shelby, Lindley and 
Clinton series. 
2. Conservation District of Second Order: moderate gully and 
sheet erosion, medium depth of surface soil, subsoil of low to medium 
potential productivity. Adjustment through educational and some sub-
sidiary measures, with reforms in tenure and credit systems. Mississip-
pi Loess Area: soils of the Tama, Clinton, Fayette series. Missouri 
Loess Area: the shallower and steeper phases of Marshall soils, mainly 
in the southern half and the western fringe of the area. 
3. Conservation District of Third Order: moderate to slight sheet 
erosion, deep surface soil and level lands not subject to erosion but 
farmed exploitively. Adjustment through educational measures only, 
with reforms in tenure and credit systems. Missouri Loess Area: the 
gently rolling and deep phases of the Marshall SOils, mainly in the 
northern half and the eastern fringe of the area. Wisconsin and Iowan 
Drift areas: the soils of the Webster, Clarion and Carrington series. 
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The importance of the time element, that is the rate of soil 
deterioration on the one hand, and the anticipated rate of adop-
tion and probable effectiveness of conservation practices on the 
other, should be fully recognized in developing a long-time con-
servation policy. In the "conservation districts" of the first 
and second order, for instance, a strictly educational program 
'without any financial inducement and assistance is likely to con-
stitute too slow a process of adjustment; that is, the soil will 
cleteriorate faster than the conservation measures will be adopt-
ed. In the" conservation district of the Third Order," educa-
tional activities 'of public and private agencies may be adequate 
to meet the problem of soil conservation. 
The forces of resistance encountered by soil conservation will 
greatly affect the rate of adoption and the effectiveness of con-
servation measures. Some of the most vigorous forces of resis-
tance in Iowa are the tenancy system, the farm size pattern and 
the credit structure. A conservation policy must specifically 
attempt to overcome these broad resistances lest the program 
be doomed to inefficiency or failure. 
It must be recognized, of course, that formulating a workable 
policy is not purely an economic matter. Policies must be put 
into practice by group actions. Their ultimate execution rests 
with the people. Unless the policies are adapted to the social 
and political experiences of the groups to which they are to be 
applied they cannot be effective. Nevertheless, the stronger 
the scientific and objective element prevails in the spirit and 
outline of the policy the more constructive it is apt to be in 
furthering the cause of general public welfare. 
METHODS OF SOIL CONSERVATION 
There are three main types of soil conservation methods un-
der public sponsorship and subsidy applicable to farm land: 
(1) Withdrawal of land from cultivation, (2) changing the 
crop system in the direction of less intertilled crops and more 
grasses and legumes, and (3) mechanical devices such as ter-
racing, strip cropping, contour farming, check dams in gullies, 
etc. The present study deals primarily with the second method 
of soil conservation, namely, the adaptation of crop systems to 
soil conditions so as to reduce erosion and depletion to a mini-
mum feasible under prevailing economic conditions. 
In most sections of the Corn Belt corn possesses such an out-
standing comparative advantage over alternative crops that 
for decades the general tendency of farmers has been to 
grow the maximum corn acreage on their farms. There is 
very little specific and direct responsiveness of corn acreage to 
corn prices in the Corn Belt proper. If there is any, it is an in-
verse response, that is, more acres rather than less, are planted 
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to corn after low corn prices, as was the case during 1930-1933. 
One of the reasons for this phenomenon is that no matter what 
corn prices are corn usually produces the highest value per acre 
of average land among all alternative staple crops adapted to 
the region. In Iowa the corn acreage (11 million) is almost 
twice as large as the acreage of the next important crop, which 
is oats (6 million). 
Corn is also the most exploitive grain crop from the view-
point of soil fertility. As an intertilled crop it greatly fosters 
erosion. An average crop of corn removes more nitrogen and 
phosphorus from one acre than does any other major crop. It 
exhausts the organic matter content of the soil more quickly 
than any .other crop (see tables 1, 2 and 3). 
Adding these facts together, it appears inevitable that most 
of the Corn Belt will sooner or later face a serious problem of 
soil conservation. In large sections of the region the problem 
has unmistakably become serious already. 
The task, then, is to devise systems of rotations which are 
adapted to specific conditions of soil type, slope, climate and the 
relative danger of erosion determined by these three basic fac-
tors, rotations which will effectively protect erosive soil from 
washing and approximately maintain the nitrogen and organic 
matter content of the soil. The method of adjusting crop sys-
tems to soil conditions will be discussed in detail later. Here, 
suffice it to say, that soil conservation on the farm land of the 
Corn Belt implies a reduction of corn acreage and an increase 
In acreages of grasses and legumes. The desirable extent of. 
such a shift in the crop system, of course, varies between areas 
a8 well as between farms. 
TABLE 1. SOIL LOSSES FROM EROSION UNDER VARIOUS PLANT COVERS. 
Tons of soil lost annually per acre 
Con- Con- Con- Corn 
tinuOUB tinuOUB tinuous wheat 
corn wheat blue- clover Fallow 
grass rotation 
-----------------1---------------
Columbia, Mo., 1918-31, average* 19.7 10.1 0.3 2.7 41.6 
Shelby Loam; 3.7 percent slope. 
Bethany, Mo., 1931-35, average** 60.8 0.3 12 . 0 
Shelby Silt Loam; 8 percent slope. 
Clarinda, Ia., Aug. 1932-Dec. 1934, averaget 21.6 57.2 
Marshall Silt Loam 
LaCrosse, WiB., July 1932-Jan. 1935, averagett 
Clinton Silt Loam; 16 percent slope 
56.6 12 .5; 0 .0 18 . 1# 106.5 
*M. F . Miller and H. H. Krusekopf, "The Influence of Systems of Cropping and Methods 
of Culture on Surtace Runoff and Soil Erosion," Mo. Agr. Exp. Sta. ReB. Bul. 177·, Nov. 1932. 
**U.S.D.A. Soil Conservation Service, Region 5: "Soil Conservation Practices." (Mimeo. 
Des Moines, Iowa, March 30, 1936. p. 18. 
tData taken from Soil Erosion Experiment Farm, Clarinda, Iowa. 
ttData taken from U. S. Soil Conservation Service Station, La CroBse, Wi •. 
tContinuous barley instead of wheat. 
#Barley replaced wheat in this case. 
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TABLE 2. PLANT NUTRIENTS REMOVED PER ACRE BY MAJOR CROPS." 
(Based on 1928-32 average yields for Iowa.) 
Nitrogen Phosphorus Potassium 
pounds pounds pouods 
Corn (grain, 38 bushels) 35.0 6.5 6 . 8 
Corn (silage, 8.4 tons) 50.3 8.4 50.4 
Oat. (grain, 35 bushels) 22.4 3.8 5.6 
Wheat (grain, 19 bushels) 22.8 4.2 4.8 
Soybeans (grain, 13 bushels) 41.3 6.2 12 . 9 
Soybeans (hay, 1.5 tons) 69.0 9.3 27.0 
Alfalfa (hay, 2.7 tons) 132 .3 11 .9 94.0 
Red Clover (hay, 1.6 tons) 67.2 7.0 52.8 
Timothy (hay, 1.0 tons) 25.0 4 .8 17.6 
*Based on Van Slyke, "Fertili,ers and Crop Production." 
SOIL CONSERVATION AND FARM INCOME 
It is sometimes claimed that the soil conservation practice of 
keeping corn acreage low and grass and legumes high in pro-
portion to the tillable land, results in higher farm incomes, 
than the prevailing emphasis on corn, and that, therefore, crop 
adjustments in the direction of less corn do not involve sacri-
fices in farm income, but actually result in more income to farm-
ers. This claim is not necessarily valid as it confuses immediate 
income with aggregate income over a long period of years. As 
long as ample resources are available, the annual income from 
exploitive farming is boosted by an insidious liquidation of soil 
assets. As the resources become more and more exhausted, the 
'income drops lower and lower. Conservational farming, on the 
other hand, produces "true" income under conditions of sus-
tained productive capacity of the land assets. The annual in-. 
come under the conservational system inay in the beginning be 
somewhat lower than the income under the exploitive system, 
but it is being maintained indefinitely, while that under the ex-
ploitive system is doomed to decline. 
The fact that corn, for example, is such a highly exploitive 
crop must be expected to lead, for a limited period of years, to 
a particularly high per-acre output, obtained with a relatively 
low per-acre input, just as the. timber output per acre of virgin 
forest is much higher under the exploitive system of ruthless 
logging than under a conservational system of silviculture pro-
viding for current reproduction of the forest cover and for 
proper thinning and cutting practices. Considering the aver-
age output per acre in agriculture as well as in forestry during 
a long period of time, say three generations and more, how-
ever, the situation is reversed. The acre output under the ex-
ploitive system of management drops rapidly after the original 
resources have been depleted, while under the conservational 
'> 
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management the output is being maintained permanently and 
possibly increased. 
Consequently, wherever in the Corn Belt there is still a con-
siderable fund of natural soil resources available, a reduction 
in corn acreage may . often imply a sacrifice of immediate in-
come for the benefit of a maintained future income.25 
This generalization, however, is subject to an important 
qualification. It assumes that the prices of corn and the prices 
of products derived from processing enterprises largely based 
on corn (e.g. hogs) essentially retain the r elationship to prices 
of other crops and livestock products that prevailed during the 
past few decades. In other words, if the degree of comparative 
advantage formerly held by corn should be significantly re-
duced, for instance through some fundamental changes in the 
demand situation, a reduction in corn acreage corresponding to 
the extent of the loss in comparative advantage, would not en-
tail any sacrifice in current income. 
Such a loss in comparative advantage of corn occurred, wi~h­
in limits, during the depression years when corn and hog prices 
fell relatively faster and lower than did cattle and butterfat 
prices. Corn and hogs lost some of their comparative advan-
tage to cattle. As the cattle enterprise requires roughage, beef 
and dairy farms with a relatively high grass and legume acre-
age tended to show higher incomes than corn and hog farms 
with a relatively high corn acreage. To the extent to which 
corn and hog prices during the next 10.or 20 years recover their 
former relationship to other prices, these enterprises will re-
cover their former degree of comparative advantage, assuming 
the maintenance of the present level of corn yields. 
Two principal sets of factors are in prospect that may tend 
to alter permanently the position of corn in its comparative ad-
vantage in the Corn Belt. One is economic in character and 
may significantly affect the demand situation. If our export 
2. This statement holds true despite the fact that a considerable number of 
farms a re now following good soil conservation practices and producing equal 
or even higher incomes tha n do farms following exploitlve practices. In 
many cases this is due la rgely to superior management and can hardly be 
generalized. But apart from the question of differences in managerial ability 
I'etween individua l farmers, it is entirely possible tha t a farm under a con-
servational crop system with little corn a nd much grass and a relatively low 
crop value or feed unit output per acre produces a s much or more net income 
than does a similar farm under a n exploitive crop system with much corn 
and a high crop value or feed unit output per acre. This is possible because 
of the pyra miding of utilities, or the adding of manufactured value through 
intensive livestock enterprises on the low acre output farm as compared to 
the sale of feed grain, a r aw material, on the high acre output farm. That 
is, a livestock farmer, in addition to earning a profit by producing feed .crops, 
makes a nother profit by converting feed into livestock products; while the 
cash grain fa rmer produces only a r aw material and leaves its manufacture 
into livestock products up to someone else. H ence, to the extent to which 
exploitive grain cropping is associa ted with a cash-grain type of farming, a 
shift toward the less productive grass crop does not, in the end, involve a re-
duction of income if the loss in crop value is offset by a corresponding gain 
in livestock value, Le., added manufactured value. During the time of shift-
ing from a cash-grain to a llvestock system of farming, however, sacrifices 
In Immediate spendable income are probably inevitable In most cases. 
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markets for pork and lard prove to be permanently lost, and if 
there should be a definite increase in the purchasing power of 
the lower income classes of our urban population, the price rela-
tionship between hogs and cattle products (dairy products and 
beef) would probably change in favor of the latter which in 
turn would tend to reduce the present comparative advantage 
of corn over grasses and legumes. The fact that lard is likely 
to be under more adverse economic pressure from other fats 
(lard substitutes) than are dairy products from their substi-
tutes will tend to work in the same direction. A shift toward 
less corn and more roughage as a soil conservation measure 
would, then, involve less sacrifice in immediate income than it 
would under the past price structure. Such a shift will prob-
ably be reflected in lower land values.26 
The other set of factors is chiefly physical in character and 
pertains to the productive capacity of the soil resources in the 
Corn Belt. If a considerable portion of the soils under the 
present heavy drain from high corn acreages should soon reach 
the breaking point of their natural fertility, a reduction in the 
corn acreage would gradually be forced upon the farmer by na-
ture itself, and the reduced productive capacity of the soil 
would through subsequently lower yields alter the comparative 
advantage of corn in favor of grasses and legumes. Such a 
forced" soil conservation," after the most precious reserves of 
fertility are lost, involves a drastic" sacrifice" in immediate and 
future income. To the extent to which this course of events is 
imminent an early reduction of corn as a soil conservation meas-
ure to maintain a relatively high level of fertility must be con-
sidered economically profitable in the long run, although it may 
imply, perhaps not a drastic, but a moderate sacrifice in im-
mediate income to be compensated for by a sustained future 
income. 
ADJUSTMENTS IN row A FARMING NECESSARY TO 
ESTABLISH A MAINTENANCE AGRICULTURE 
Soil conservation in the Corn Belt implies are-allocation, 
though not necessarily a drastic reduction, of the corn acreage 
and an increase in the acreage of grasses and legumes. Inas-
much as a reduction of corn acreage is desirable from the sup-
ply-demand aspect, it should be the goal of an adjustment pro-
gram to reduce corn acreage most where corn does the greatest 
damage to the soil and least where it does the least damage. 
26 It is conceivable. however. that under continuance of exploltlve farming 
land values will eventually drop much lower in correspondence with the pro-
gressively reduced productive capacity of exploited land. The lower level 
of land values resulting from conservation practices. on the other hand. repre-
sents merely a correction of the present over-capitalization of land values. 
Present land values are boosted by the current liquidation of the basic asset. 
the solI. 
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Soil conservation, therefore, requires differential adjustments 
between areas as well as between individual farms. 
In the following pages, the economic implications of the pro-
gram of differential crop adjustments outlined in the Iowa Ad-
justment Study shall be discussed in detail. 
INTERDEPARTMENTAL COOPERATION 
"When the Agricultural Adjustment Administration was or-
ganized there was thrown out to the agricultural thinkers of 
the United States a challenge; Is it possible for agriculture to 
synthesize from the vast accumulations of factual material a 
basically sound agricultural program for the nation ~"27 
In response to this challenge the Iowa Agricultural Experi-
ment Station organized, in the spring of 1934, a "Staff Seminar 
in Agricultural Planning," consisting of research workers in 
the fields of agronomy, animal husbandry, forestry, agricultural 
. engineering and agricultural economics. Out of this seminar 
and the active work carried on by its members emerged a rather 
well-defined and balanced concept of the goal toward which 
agriculture in Iowa should be directed, and a set of rather spe-
cific recommendations for land use adjustments which in its es-
sential features found the approval of all the staff members 
concerned.28 
This experiment in cooperative research has more than local 
or ephemeral significance. There is an urgent need for break-
ing down the walls between the various compartments of 
knowledge. The modern tendency toward extreme specializa-
tion in research threatens to disintegrate our knowledge to a 
point where we know much about an infinite number of parts 
but deplorably little about the whole. What we really need is 
to develop a method of "conscious, premeditated and controlled 
fusing together of the contributions of a number of minds to se-
cure encyclopedic knowledge and-the end product-synthesis 
from that knowledge. The value lies in our realization 
of this process as an instrument that can be consciously applied 
to the task of seeing, understanding, and bettering situations so 
complex that single minds cannot fully cope with them.' '29 
Our agriculture at present is in just such a situation, too com-
plex for single minds to handle. The Iowa Adjustment Study 
and the Regional Adjustment Project constitute the first sys-
tematic attempt to create, by cooperation of social scientists and 
experts in the technical fields, a comprehensive understanding 
of the problems of agricultural adjustment and to develop coor-
dinated lines of approach to their solution. 
27 R. E. Buchanan, AAA Regional Adjustment Project from Experiment 
. Station standpoint; address delivered before the Land-Grant College Associa-
tion, December, 1935. 
!. For details of the procedure, and the active personnel responsible for the 
work under this project, see the foreword. 
2. R. E. Buchanan, op. cit. 
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ADAPTATION OF CROP ROTATIONS TO SOIL TYPES 
It has been pointed out that the adjustments in-Iowa farming 
tu requirements of soil conservation center largely around the 
problem of fitting crop systems to soil conditions. For illustra-
tion, table 3 presents estimates of net losses and gains of plant 
nutrients and organic matter under various crop rotations. It 
should be emphasized ·that the losses indicated in the table do 
not include erosion losses. They refer only to nutrient losses 
through crop removal and leaching under conditions of level 
lands and approximately average farming practices in Iowa. 
Most of these rotations which are commonly used on Iowa farms 
are rapidly draining the soil of its nitrogen and organic matter 
supply. On rolling land the rotations causing large losses in 
nitrogen and organic matter (rotations 1, 2, 3 and 4 particu-
l~rly) are greatly accelerating erosion as the loss of organic 
matter reduces the infiltration rate and water-holding capacity 
of the soil and as a high proportion in clean tilled crops exposes 
the soil to the impact of rain.30 
As a general rule, then, the steeper the land, the shallower the 
top layer of the soil and the lower the present fertility, the more 
should rotations be used that have the conservational qualities 
of those on the lower end of table 3. 
It can easily be seen that the soil conservation attainabie 
through a judicious use of crop rotations is necessarily limited 
to the maintenance of the nitrogen and organic matter content 
of the soil and to the retention of the soil itself. Minerals are 
inevitably lost from the soil wherever any crops are harvested 
or livestock is pastured, no matter what rotations are used. 
Minerals can only be fully replaced by application of commer-
cial fertilizer. This, however, is not implied in the objective of 
soil conservation under the present study; a complete replace-
ment of all plant nutrients removed by crops is not neceSsarily 
economically justified. Mineral plant nutrients are constantly 
being released by the gradual decomposition of the soil con-
stituents, and nitrogen is being added through rains and bac-
terial activities. The economically desirable degree of partial 
replacement of the nutrients removed by crop and livestock de-
pends primarily on three factors: (1) The character and nat-
ural fertility of the soil, (2) the rate of plant food removal 
through the crop systems, and (3) the price relationship be-
t"''"een farm products and fertilizers.31 
30 The data for this table have been prepared and made available through 
the courtesy of Dr. F. B. Smith of the Soils Depa rtment. 
81 In European countries the "replacement theory" of fertilization advanced 
by Justus Liebig and his disciples has dominated the thinking of agronomists 
for many decades. In modern times it has been largely abandoned in favor 
of a more economic attitude towa rd soil management problems on level land. 
Erosion losses, because of their irreversible character, have relatively more 
serious economic implications. 
\ 
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TABLE 3. ANNUAL NET LOSSES (-) OR GAINS (+) OF PLANT NUTRIENTS AND 
ORGANIC MATTER UNDER VARIOUS ROTATIONS, ON 
LEVEL LAND WITHOUT EROSION.* 
Pounds per acre 
Rotation 
Nitro- Phos- Potas- Organic 
gen phOfUS sium matter 
------------------1-------------
1. Corn -corn -oats 
2. Corn -oats 
3. Corn - soybeans - oats - red clover 
4. Corn - corn - oats - red clover 
4a. Same with second clover crop plowed under 
5. Corn - corn - oats - mixed hay - rot. past. 
6. Corn - oats - red clover 
7. Corn - oats - mixed hay - rot. past. 
S. Corn - corn - (oats + sweet clover) (pastured) 
Sa. Same (sweet clover not pastured) 
9. Corn - (oats + sweet clover) (pastured) 
10. Same (sweet clover not pastured) 
-17 
-15 
- 9 
- 6 
+4 
- 2 
- 1 
+3 
-11 
- 4 
- 4 
+5 
-5 
-5 
-S 
-5 
-5 
-4 
-5 
-3 
-7 
-5 
-7 
-5 
-72 -2200 
-72 -2200 
-S2 -1800 
-S2 -1500 
-7S -1000 
-74 -1000 
-86 -1300 
-75 
- 600 
-S2 -1600 
-72 
- 900 
-S7 -900 
-72 +100 
*These figures are based on the following assumptions: No erosion losses; yields of corD-
40 bu. i oats-35 bu.; soybeans-20 bu.; red clover-2 tons; mixed hay-l.5 ton; cornstalks re-
turned to the soil; no oats straw returned except through manure; 1 ton of manure per acre 
annually. 
Rainfall returns 10 lbs. of nitrogen; non-symbiotic bacteria add 15 lbs. of nitrogen annually. 
Leaching losses 7.3 lbs. of nitrogen and 57 lbs. of potassium annually. These assumptions 
correspond approximately to the average crop yields and general farming practices in Iowa. 
If conditions of intensive livestock farming were assumed, with higher yields (corn - 50 bu;. 
oats- 50 bu.; clover 3 tODS) , with careful preservation and return of manure, and with the 
second clover crop or all sweet clover plowed under for green manure, the following losses and 
gains would result (numbers correspond to the above rotations): 
Nitro- Phos- PotaB- Organic 
gen phorus sium matter 
4b. corn - corn - oats - red clove:t +S -4 -84 -200 
6b. corn - oats - red clover +20 -4 -S5 +200 
Sb. corn - corn (oats + sweet clover) +S -4 -SI HOO 
Figures 4 and 5 show the major soil types and the extent of 
erosion as measured by the percentage of the estimated original 
depth of the surface soil eroded. This should be kept in mind 
ill interpreting the erosion map. (See p. 383.) 
For Iowa, the objectives of soil conservation and fertility 
maintenance are largely confined to erosion control and the 
maintenance of an adequate nitrogen and organic matter con-
tent of the soil. The application of limestone is required on 
many soil types mainly for correction of excessive acidity. This 
does not mean that application of phosphorus and even potas-
sium may not be profitable in certain cases. But the use of 
such fertilizers is largely an economic problem and is not as yet 
afl essential for soil conservation as is the maintenance of the 
nitrogen and organic matter content of the soil. 
The objective of the crops and soils phase of this project has 
been stated in the summary report prepared by Messrs. F. B. -
Smith and B. J. Firkins of the Soils Department and C. S. Dor-
chester of the Farm Crops Department, as follows: 
"(a) To recommend cropping systems for each township in the 
state of Iowa, which are believed to be satisfactory from the stand-
point of soil management and conservation of soil fertility. 
Fig. 4. Principal soil 
types of Iowa. 
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"This program is to be considered one of fertility maintenance and 
not one which will have any immediate effect of increasing yields of 
crops in the various soil areas of Iowa. It is not a program to increase 
fertility or even to replace fully all nutrients extracted from the soil 
by crops, since no reference is made to the use of commercial fertilizers 
to supplement the normal farm resources. However, it has been as· 
sumed that it would be possible to lime a certain percentage (10%) of 
the acid soils in anyone year. 
"(b) It has been the purpose to keep uppermost in mind the char· 
acteristics and needs of the soil types existing in the townships of the 
state to the end that a long time program might be developed, based 
upon cropping systems and soil management practices, which will meet 
the needs of the state as regards soil conservation and land utilization." 
The following discussion is intended to outline briefly the 
methodological procedure used and the economic problems in-
volved in adjusting crop rotations to soil conditions for the 
purpose of aeveloping a sound and workable land use adjust-
ment program. Figures regarding suggested crop systems for 
the various soil types and type-of-farming areas are presented 
merely to illustrate the problems. It should be emphasized 
that these figures are tentative and subject to refinement. 
They should, as they now stand, be interpreted in a qualitative 
sense only, as indicating the direction of desirable adjustment 
rather than absolute goals.32 
The area of each individual soil type as shown on the soil 
survey .maps has been measured by townships with the plani-
meter.3S To these soil types rotations were applied which would, 
in the judgment of the agronomists, fulfill the above stated ob-
jectives. For illustration, one-fourth of the area in Clinton Silt 
IJoam in a given township was put into permanent pasture, one-
fourth into the 5-year rotation of corn - small grain - winter 
wheat - mixed hay - rotation pasture, and one-half into the 3-
year rotation of corn - small grain - legume hay .. 
Table 4 presents, as an example, the major soil types in the 
Southern Pasture Area and the major crop rotations assigned 
tl' them. Within anyone county the same general combina-
tions of rotations adjusted to the general characteristics of the 
soil type were applied to the same soil type in the ' various 
townships.s4 It was hoped that later on in refining the process 
of adapting rotations to soil types, differentiation between 
townships in rotation patterns on the same soil types could be 
32 The details of the agronomic phases of this study will be published by 
the Agronomy Section of the Experiment Station in the near future. 
3' These measurements were made by the Agricultural Engineering Section 
under the direction of Mr. H. J . Barre. For counties which have not been 
surveyed the areas in the various soil types have been estimated on a county 
basis . 
.. The procedure is indica ted more in deta il by the sample worksheets 1-3 
in the appendix. The areas measured on the soil maps with the planimeter 
were equated to the area in farms reported by the 1930 census. The soil re-
ports contain estimates of the proportions of the various soil types in perma-
manent pasture. These estimates, together with the general knowledge of the 
topography of soil types, were used as a basis for determining the cultivatable 
area of each soil type to which the standard rotations then were applied. 
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made on the basis of more detailed information on local condi-
tions.a5 
TABLE 4. SUGGESTED DISTlUBUTION OF STANDARD CROP ROTATIONS AND 
PASTURE OVER THE MAJOR SOIL TYPES OF A SAMPLE AREA 
(SOUTHERN PASTURE AREA) .* 
Proportion of Percent of rotated land in: 
Soil type soil type in Rotation 
respective Corn & Grass & 
rotation soybeans legumes 
Gru.ndy Silt Loam ~ C C SG LH 50 25 
34% of area; Grade 1 U C SB WW MH RP 40 40 
U C SB SG LH 50 25 
Average for soil type 47 29 
Shelby Silt Loam ~ Permanent pasture - -
27% of area; Grade 6 U C SG LH 33 33 U C SG MH RP 25 50 
Average for soil type 29 41 
Lindley Silt Loam ~ Permanent pasture - -
8% of area; Grade 9 J4 C SG MH RP 25 50 
Average for soil type 25 50 
*This table serves as an illustration of the method of procedure used in apportioning crop 
rotations to Boil types. In Borne counties minor deviations from the above pattern, both as to 
proportion of Boil type in respective rotation and in specific rotations themselves, have been 
made. The soil types listed in this table are, of course, not complete. The legends used are: 
C =corn; SB =soybeans; SG =small grain; WW = winter wheat; LH =legume hay; MH = 
mixed hay; RP =rotation pasture. . 
There often are several alternative rotations of nearly equal 
conservational qualities for a given soil type. The decision as 
to how much of the soil area is to be put into these equivalent 
rotations affects, of course, the resulting acreages in the specific 
crops. The choice between these equivalent rotations is a mat-
ter of indifference from the agronomists' viewpoint and rests 
chiefly upon economic considerations. For instance, the rota-
tion corn - corn - small grain - mixed hay - rotation pasture is 
with reference to soil conservation on level or gently rolling 
land practically equivalent to the rotation corn - soybeans -
small grain- mixed hay - rotation pasture. Under the first rota-
tion the resulting corn acreage is twice as large as under the 
second. Hence, how much of that part of the soil type area 
'which can stand 2 intertilled crop years out of 5 shall be put 
into the soybean rotation depends primarily on the competitive 
position of soybeans. 
The same situation prevails in the determination of the acre-
ages devoted to specific kinds of small grains and to specific 
kinds of grasses and legumes. For the purposes of soil con-
.. During the time the Crops and Soils Sec tion worked out these crop rota-
tions, the recommendations of county after county were discussed in a weekly 
seminar attended by members of the various departments interested in the 
study. In several cases the recommendations were revised as a result of 
these inter-departmental discussions which had a stimulating effect on all the 
workers in the various fields of research, and secured a well-balanced collec-
tive judgment on the problems under consideration. 
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servation, it is a matter of indifference whether oats or barley 
or rye or wheat is used as the small grain in the rotation, or 
whether a clover-timothy mixture or red clover or sweet clover 
is used for hay or for pasture as grassland in the rotation. 
In Iowa, the problem of soil conservation is concerned pri-
marily with rotation patterns of three classes of crops: inter-
tilled crops, small grains, and grasses and legumes. Within 
these classes there is considerable leeway in apportioning the 
acreages of individual crops which should be determined essen-
tially on the basis. of comparative yields and other economic 
considerations.86 
One might even go one step farther and argue that the agron-
omists, recognizing the outstanding comparative advantage of 
corn, tended to maximize the corn acreage on each soil type, but 
that the distribution of the residual land in rotation into small 
grains and grassland was relatively less vital to the problems 
of soil conservation. For instance, a given soil type may stand 
a rotation of corn, oats, sweet clover (see rotation 9 in table 3) 
nearly as well as one of corn, oats, mixed hay, rotation pasture 
(rotation 7 in table 3). There is twice as much grassland rela-
tive to small grain in the second rotation as in the first. Again, 
the proportion in which these two rotations should be used on 
the respective soil type may partly be decided on economic 
grounds. Since such economic details have not been considered 
in the determination of crop systems by soil types, it follows 
that the adjusted intertilled crop acreage has, within limits, a 
more absolute character and is of more distinctive significance 
than either the adjusted small grain or grassland acreage. 
The speed with which this study had to be undertaken did 
not allow the establishment of elaborate standards of crop rota-
tions adapted to clearly defined land classes on the basis of soil 
type, slope, depth of surface soil, climate and present st.ate of 
erosion. These factors have entered into the determination of 
Hdjusted rotations only to the extent to which they are asso-
ciated with the general characteristics of the specific soil types. 
But land of the same soil type differs widely in surface config-
uration, depth of A-horizon, and present state of erosion, and 
these differences should, of course, be reflected in the sug-
gested rotations. 
Furthermore, these rotations should be more thoroughly test-
3. This may seem to be a sweeping statement. The author realizes the agro-
nomic significance of certain specific crops from the viewpoint of soil con-
servation. For instance, on less erosive soils soybeans are less soil depleting 
than corn because they do not draw so heavily, if properly inoculated, upon 
the nitrogen resources of the soil. Winter wheat protects the soil from ero-
sion during the winter and spring months while the spring grains do not; on 
erosive land, timothy mixtures are usually preferable to clover alone, becausE' 
of the dense root systems of the former; alfalfa. aside from developing a deep 
root system, keeps the plow away from the soil for 3 to 6 years. Neverthe-
less, the above generalization seems justified by reason of economic feasibility 
and methodology. · 
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ed with re.spect to their effect on specific land classes of different 
soil textures, slope, climate, etc., regarding water-runoff and 
erosion, balance of plant nutrients in the soil and other impor-
tant criteria. The effect of given rotations on soil erosion and 
depletion on a given land class is also affected by such farm 
practices as application of manure, plowing under the second 
clover crop, contour farming, etc. Work along these lines is 
now being carried on by the Soils Section of the Experiment 
Station.o7 
The determination of crop systems in the present study, 
therefore, rested largely upon the general characteristics of the 
major soil types and the general conservational properties of 
major rotations regarding their effects on erosion and nitrogen 
and organic matter content of the soil. 
From the viewpoint of practicability of a soil conservation 
program, it is essential that the established standards of soil 
conservation provide flexibility in individual farm adjustments, 
that is, an adequate choice of specific rotations and farm prac-
tices so as to allow profitable combinations of enterprises com-
mensurate with the labor and capital resources of the individual 
farmer. 
ADJUSTMENTS IN THE CROP SYSTEM.S OF THE TYPE·OF-
FARMING AREAS IN IOWA 
These facts should be kept in mind in interpreting the ad-
justed crop systems which shall be briefly summarized in order 
to indicate directions and relative rather than absolute degrees 
of suggested adjustments in the various sections of the state. 
Table 5 presents a summary of the adjustments in crop sys-
tems tentatively proposed by the Crops and Soils Section. The 
crop systems are expressed in terms of percentage distributions 
of the tillable land in major crop classes and plowable pasture. 
(See above, p. 353.) Although not all of the plowable pasture is 
actually in rotation, it may well be considered as potentially 
available for cultivation. Hence, tillable land affords a better 
basis for the percentage distribution of crops than would crop 
land alone which does not include rotation pasture in the sta-
tistics. 
For the state as a whole, the crop rotations adjusted to soil 
types result in an intertilled crop acreage (corn and soybeans) 
which is 17 percent smaller than the 1929 acreage, and in a 
small grain acreage 19 percent smaller. Tame hay and plowable 
pasture increased by 52 and 32 percent, respectively.os The 
37 For the first systematic evaluation of the effect of crops and certain prac-
tices on the soil, see R. M. Salter, R. D . Lewis and J. A. Slipher: Our Heri-
tage-the Soil. Ohio Sta te University, Extension Bu!. 175, April, 1936. 
38 The summarization of the recommendations of the County Agricultural 
Planning Committees shows a decrease of 12 percent from the 1929 acreage 
In intertilled crops, of 4 percent in small grains, and an increase of 27 per-
cent in hay and 7 percent in plowable pasture. 
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segregation of hay and rotation pasture from the grassland in 
rotation is virtually irrelevant from the viewpoint of soil con-
servation. If economic conditions should definitely prohibit a 
19 percent reduction in small grains in addition to a 17 percent 
decrease in intertilled crops, a more moderate decrease in the 
small grain acre~ge and a correspondingly smaller increase in 
the grassland acreage may not seriously vitiate the general pur-
poses of soil conservation. The adjusted acreages of small 
grains, hay and plowable pastures, therefore, are more subject 
to modifications in the light of economic conditions than the ad-
justed acreage in intertilled crops whose determination rests 
more predominantly on physical considerations of soil con-
servation requirements. 
Comparing the percentage changes in intertilled crops be-
tween type-of-farming areas it becomes evident that the north-
eastern dairy area (I) in 1929 was more in adjustment than any 
other area, requiring a reduction of only 3 percent. Next 
comes the northwestern cash grain and livestock area (II) with 
12 percent, followed by the southern pasture area (VII) with 
13 percent, the eastern livestock area (V) with 16 percent, the 
central cash grain area (IV) with 17 percent, the south-central 
livestock area (VI) with 22 percent, and finally the western 
livestock area with 26 percent. 
It appears that the southern pasture area and the western 
livestock area, which practically coincide with the Southern 
Iowa Loess area, and the Missouri Loess area, respectively, are 
most distinctly out of line with soil conservation practices, and 
therefore represent the areas of heaviest exploitation of the 
soil resources relative to the other sections of the state. 
Percentage changes from an arbitrary base period do not 
indicate the true character of the recommended adjustments in 
crop systems. The same adjusted acreage in intertilled crops 
implies, as compared with 1932, a reduction of 23 percent, or 
compared with 1934, a reduction of only 7 percent,39 instead of 
17 percent on the 1929 basis. A more adequate picture of the 
adjustment is obtained by comparing the percentage distribu-
tions of tillable land in the major crops by the type-of-farming 
areas. Again, the western livestock area (III) stands out with 
an adjustment in the intertilled crop acreage from 47 percent 
of the tillable land in 1929 to 35 percent, in contrast to the 
northeastern dairy area (I) which requires only a minor adjust-
ment from 34 percent to 33 percent. (See table 5.) 
3. Under the 1934 corn-hog program, the corn acreage in Iowa has been re-
duced by 2.6 million acres or 22.4 percent from the 1932-1933 average of 11.6 
million to 9.0 million in 1934. This reduction in corn acreage in 1934, how-
ever, Is not distributed over the various areas of the state in accordance with 
the proposed adjustments of the soil specialists, but more nearly according 
to the fiat percentage reduction of 20 percent required by the contract. 
TABLE 5 . . SUMMARY OF EXISTING (1929) AND TENTATIVELY ADJUSTED CROP SYSTEMS FOR 
THE STATE AND FOR TYPE-OF-FARMING AREAS. 
(~ubject to revision) 
Adjust- Percent-
1929 ed age 1929 
changet 
--
STATE 
--
Tillable land* (1000 acres) 27,498 27 ,498 4,534 
Percent. distribution 100 100 - 100 
Intertilled cropst 40 33 -17 34 
Small grains 27 . 22 -19 29 
Tame hay 12 18 +52 17 
Plowable pasture 18 24 +32 17 
Other crops# 3 3 - 3 
--
AREA IV 
Tillable land* (1000 acres) 3,983 3,983 5,513 
Percent. distribution 100 100 - 100 
Intertilled crops t 47 39 -17 38 
Small grains 33 22 -34 22 
Tame hay 6 15 +180 16 
Plowable pasture 12 21 +71 20 
Other crops# 2 2 - 4 
.Tillable land is total crop land (excl. wild hay) plus plowable pasture. 
#Includes idle or fallow land or crop failures. 
tComputed from absolute acreage figure •. 
:Corn plus soybeans. 
Adjust- Percent-
. ed' age 
changet 
AREAl 
4,534 
100 -
33 - 3 
22 -21 
21 +23 
21 +23 
3 -
AREA V 
5,513 
100 -
32 .... 16 
22 -
20 +30 
22 + 8 
4 -
Adjust- Percent- Adjust- Percent-
1929 ed age 1929 ed age 
. changet changet 
-- --
AREA II AREA III 
--
2,060 2,060 6,854 6,854 
100 100 - 100 100 -
46 38 -12 47 35 -26 
37 21 -44 26 21 -19 
6 14 +154 8 17 +104 
12 25 +100 16 24 +56 
2 2 - 3 3 -
--
AREA VI AREA VII 
--
2,009 2,009 2,548 2,548 
100 100 - 100 100 -
38 29 -22 29 25 -13 
20 20 - 15 17 +11 
14 19 +33 20 20 +4 
24 28 +15 30 32 + 8 
4 4 - 6 6 -
-- --
I:.:l 
' 00 
~ 
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EFFECT OF ADJUSTED ROTATIONS ON CROP YIELDS 
Even though the crop rotation adjustments are intended to 
conserve the soil rather than to improve it, crop yields would 
very likely be affected by the adoption of the recommended ro-
tations, if not immediately, certainly over a period of 10 to 15 
years. In some areas crop yields may just hold their own. In 
others they may have a tendency to increase, in others to de-
cline. The yields of one crop may be affected differently, in 
direction or degree, from those of another crop. The effect 
- which these suggested crop rotations would have on yields de-
pends on the soil type, on the change in the livestock system 
they would produce, on the thoroughness with which they 
would be adopted by farmers, and on many other factors. 
The concept of "maintenance of soil fertility" is not amena-
ble to narrow interpretation. On eroded acid land, for in-
stance, applications of lime and manure may be necessary in 
ol'der to establish legumes and to increase the infiltration rate 
and water-holding capacity of the soil. These measures may be 
essential for holding the soil in place. They will, at the same 
tjme, increase the productivity of the soil over its present level. 
The following estimates of changes in crop yields, which can 
l,lc reasonably expected in about 10 years from the date of the 
gcneral adoption of the recommended crop systems, must be 
considered as rough approximations. They are the result of 
the combined opinions held by agronomists and farm manage-
ment experts, all of whom stressed the extremely tentative char-
acter of these estimates. It has been the intention of the 
group not to account for an increase in the general level of 
management efficiency on the average farm. 
Three principal factors have been considered in their in-
fluence on crop yields: (a) The position of the respective crop 
in the adjusted rotations; (b) the -application of lime necessary 
to establish the new rotations; and (c) the relative concentra-
tion or dispersion of the respective crop on the better or poorer 
soils under the new crop system. Besides these factors, several 
others will exert some influence on yields, of which the most 
important is likely to be the increased supply of manure pro-
vided by an expanded cattle enterprise. The wider use of high 
yielding varieties and of seed testing is also likely to affect fu-
ture yields. These two factors, however, have not been consid-
ered in the following estimates. 
Table 6 shows the yields of corn, legume hay and small grains 
expected by 1946 if the recommended crop rotations were gen-
erally adopted in 1936. 
The response of corn yields is smallest in the northeastern 
dairy area (I), i.e., an increase of 1 bushel or 2.7 percent. The 
adjustments there provide only for a minor change in the crop 
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system (see table 5), and, therefore, no substantial increase in 
yields is expected. In the eastern livestock area (V) with a 
substantial reduction in corn and increase in legumes, for which 
liberal lime application is prerequisite, an increase of 5.4 bush-
els or 12.7 percent is anticipated. In the southern pasture area 
(VII) the corn acreage reduction implies a distinct concentra-
tion of corn on the . better soils and an increase in legumes with 
strong lime applications. There yields are expected to increase 
by 4.5 bushels or 14.5 percent. The yield increases in the other 
areas fall between these extremes. For the state as a whole, an 
increase of 2.8 bushels or 7.4 percent is anticipated. 
The small grain yields are likely to be affected in a less spe-
cific way. A slight rise of about 2 percent in a given area seems 
probable. Since the acreage reduction in the higher-yielding 
north is greater than in the south, an increase of 0.4 bushel or 
1.2 percent is expected for the state as a whole. 
TABLE 6. ESTIMATED]EFFECT OF ADJUSTED ROTATIONS ON:CROP YIELDS. 
(Crop yields expected by 1946. if adjusted crop rotations are followed.) 
1928-1932 EXP'lcted Change 
Ave~ by 1946 (bush ) (bushels) Absolute Percent (busheIa) 
Corn 
State 31.8 40.6 +2.8 +1.4 
Area I 31 .0 38.0 +1 .0 +2.1 
II 32.1 35.0 +2.3 +1.0 
III 31.2 40.0 +2.8 +1 .5 
IV 39 .2 41.0 +1.8 +4.6 
V 42 .6 48 . 0 +5.4 +12.1 
VI 31. 3 40.1 +2 . 8 +1.5 
VII 31.0 35.5 +4.5 +14.5 
Legume hay tons tons tons % (Composite yield) 
State 1.93 1.86 -0 .01 -3.6 
Area I 1.11 1.50 -0.21 -15.2 
II 2.18 2.18 
-- --III 2 .12 2 . 12 
-- --IV 2.20 2.20 
-- --V 1.18 1 .18 -- --VI 1.19 1.25 -0.54 -30.2 
VII 1.58 1.08 -0. 50 -31.4 
AU small grains bu. bu. bu. % (Yields increased by 2%. resulting in the fol-
lowing stete averages) 
Oats 35.3 35.1 +0.4 +1.1 
Barley 28.2 28.6 +0.4 +1.4 
Wheat 18 .6 18.5 -0.1 -0.5 
rtie 14.2 14.0 - 0.2 -1.4 "ed grains 35.4 35.5 +0.1 +0.3 
All small &rains 33 .6 34 .0 +0.4 +1.2 (Composite yield) 
The yields of legume hay are likely to show no significant 
change except in the northeast and the south, where decreases 
of 0.27 ton or 15 percent in Area I, 0.54 ton or 30 percent in 
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Area VI, and 0.50 ton or 31 percent in Area VII, are expected 
due to the dispersion of legumes over less favorable soils than 
those they occupy now. Although legumes will be pushed onto 
poorer soils in the other areas, too, the recommended increase 
in alfalfa · will tend to hold the average composite yield of 
legume hays up. 
FEED PRODUCTION FROM THE ADJUSTED CROP SYSTEM 
Keeping in mind constantly the tentative character of the re-
commended crop acreage adjustments and their estimated effect 
on crop yields, it may now be assumed that these proposed ad-
justments in corn acreages would solve the problem of soil con-
servation as far as this is possible by adapting properly bal-
anced rotations to soil conditions. The next question is, then, 
how the new crop system will affect the feed supply produced 
on the farms. 
TABLE 7. NET CHANGE IN ACREAGE AND PRODUCTION OF FEED 
GRAINS AND ROUGHAGE RESULTING FROM TENTA-
TIVELY ADJUSTED CROP SYSTEM. 
For Iowa 
Net percentage change from 1929 in: 
Feed units Feed unit. 
Acreage (Assuming yields ex-
pected by 1946) 
(assuming 1928-32 
average yields) 
Feed grains -17.6 -14.4 -19.2 
Roughage (all hay and pasture) +39.2 +31.8 +34.4 
Grand total of all feed units 
produced - 0.4 - 2.9 
Table 7 indicates the net percentage change, from the ,base 
year 1929, in total feed grain and total roughage (hay and pas-
ture) acreage and in their corresponding production in terms of 
f(;ed units. A decrease of nearly 18 percent in the acreage de-
voted to feed grains results in a reduction of about 14 percent 
in grain feed units produced, assuming the yields which are ex-
pected to be realized under the adjusted crop system. The total 
acreage used for roughage, including all hay and all pasture, in-
creases 39 percent in excess of 1929, which practically offsets 
the decrease in feed grains, leaving a net reduction of only 0.4 
percent in the total feed units produced. The anticipated in-
crease in corn yields and the great expansion of high-yielding 
l€gume acreages largely account for this negligible decline in 
total feed production after an 18 percent cut in the grain acre-
age. Assuming no significant changes in yields and applying 
the 1928-32 average yields to the adjusted crop acreages, the 
net reduction in total feed production is about 3 percent from a 
19 percent decrease in feed grain and a 34 percent increase in 
roughage feed units. 
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In either case the effect of the new crop system on the net 
total feed production is of much smaller significance than its 
effect on the feed structure, thl;Lt is, the relative proportions of 
tlle various kinds of feed. While in 1929 the ratio of roughages 
to feed grains was 1 :2.3, this ratio under the adjusted crop sys-
tem (assuming expected yields) is much narrower, namely, 
1 :1.5. This means that the farmer will have only about two-
thirds as many feed units in grain for each feed unit in rough-
ages as he used to have under the old crop system. 
In terms of the percentage of total feed units in the various 
classes of feed, the proportion of corn is changed from 55 to 46 
percent, of small grains from 15 to 12 percent, of hay from 10 
to 18 percent, and of pasture from 20 to 23 percent of the total 
amount of feed units produced, as shown in table 8. 
This narrowing of the roughage to grain ratio appears even 
more accentuated if the outshipments of cash grains are consid-
ered. It can well be assumed that Iowa will remain a grain 
surplus area after the crop acreage adjustments have taken 
place. In this study the assumption was made that each county 
continues to sell or buy the same net percentage of its produc-
tion of corn and oats which it sold or bought during the years 
1928-1932.40 The main argument for this assumption is the fact 
that the annual shipments tend to be more stable in terms of 
percentage of production than in terms of absolute quantity. 
It is, of course, doubtful whether the same percentage of the 
corn and oats production will be shipped out after the reduction 
under the new crop system. The main advantage of this as-
sumption is its simplicity. There are, in the main, two ill1tagon-
istic forces pulling in opposite directions: the higher feed grain 
prices resulting from a general reduction in supplies will tend 
to induce cash grain farmers to continue selling grain; and the 
TABLE 8. CHANGE IN THE FEED STRUCTURE RESULTING FROM THE 
TENTATIVELY ADJUSTED CROP SYSTEM. 
Total produced under* Retained on farm under** 
1929 Adjusted 1929 Adjusted 
crop system crop system crop system crop system 
Total feed units (in thousands) 766,583 763,852 683,704 696,617 
Percentage of total feed units in: 100.0 1-!{100.0 100.0 100.0 Corn 54.5 45.8 52 .6 43.2 
Soybeans 0.1 WJ<· 1.6 0.1 1.8 
Small grains 15.0 r 12 .3 13.2 10.9 
Hay 10.4 17 .5 11.7 19.1 
Pasture 20.0 22 .8 22 . 4 25.0 
*Assuming 1928-32 average yields under the 1929 crop systems and yields expected by 1946 
under the adjusted crop system. 
**Assuming the same net percentage of corn and oats production shipped out as during the 
period 1929 to 1932 . 
•• See p. 358, and R. C. Bentley, op. cit. None of the type-of-farming areaE 
in Iowa are net deficit areas in corn or oats. 
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greater roughage supply will require more feed grains to be re-
tained on the farm so as to balance the feed rations. Where the 
resultant will fall depends principally on the price relationship 
between feed grains and livestock products, and , on the ability 
of farmers to change their farming system in accordance with 
these price relationships. 
Table 8 indicates the feed structures under the old and the 
new crop systems after allowances for net shipments of feed 
grains have been made. It should be noted that the total amount 
of feed units retained on farms is larger under the adjusted than 
under the old crop system by about 2 percent for the state as a 
whole. This increase may, of course, be considerably greater 
for the cash grain areas (IV and II) for which the adjusted 
crop system may imply an expansion of the livestock enter-
prises in order to utilize the larger supply of non-marketable 
roughage. 
CHANGES IN LIVESTOCK SYSTEMS 
It has been said of the recommended crop adjustments th~t 
they must be considered extremely tentative, particularly with 
reference to the acreages of crops other than corn, as very little 
consideration of local trends and farm management conditions 
has entered into the process of their determination. This limi-
tation holds even truer for the recommended adjustments in the 
livestock system. Fitting crop rotations to soil conditions in 
Iowa is more distinctly a problem of technical consideration, 
while fitting livestock systems to given feed supplies is predomi-
nantly a problem economic in character. One may assume that 
the shift from corn to grasses may imply certain shifts in the 
livestock system, but to what extent, quantitatively, the addi-
tIonal roughage supply is to be absorbed by dairy cows, beef 
cattle, sheep and horses, and to what extent a reduction in corn 
acreage will be reflected in the volume of hog production con-
stitutes an economic problem of extreme intricacy.41 
Obviously, anyone livestock system fitted to the new crop 
system represents only one alternative out of many to utilize 
the new feed structure. There is no unique solution to this prob-
lem as hay and pasture can be fed to beef as well as dairy cat-
tle, sheep and horses, and the available supply of concentrates 
can be distributed to the different livestock classes in various 
proportions, depending largely upon the price relationship be-
tween feed grains and livestock products on the one hand and 
the price relationship between the products of the competing 
.. Recent studies of crop and livestock systems on sample farms seem to in-
dicate that a reduction in corn acreage may, for Iowa, not reduce hog produc-
tion. In fact, a reduction in grain production of about 10 percent and a cor-
responding Increase In roughage production may not change the livestock sys-
tem for Iowa as a whole. 
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livestock classes on the other hand. This perhaps holds true for 
Iowa more than for any other state, as the livestock system in 
Iowa is exceedingly flexible. The many herds of dual pur 
pose cattle facilitate the shifting of the emphasis to dairying 
or beef production in response to changes in price relationships, 
and the volume of hog production is easily expanded or con-
tracted because of the short periodicity of the hog enterprise. 
Moreover, grains can be substituted for roughages within cer-
tain limits which increases further the flexibility in adapting 
livestock systems to feed structures. 
The logical approach to the problem of adapting livestock 
systems to the new feed structure entailed by the adjusted 
crop system, then, would be to assume several sets of prices, 
and to work out, for each of them, a corresponding livestock 
system. The initial price structures which are necessarily hypo-
thetical could then be tested as to their consistency with the 
supply relationships of livestock products resulting from the 
respective livestock system. That livestock system which is 
most nearly in correspondence with its respective set of prices 
according to its ensuing supply of livestock products would be 
the one with greatest probability of realization under the new 
crop system.42 
In a qualitative sense, there are two extreme alternatives for 
absorbing a shift from grain to grasses in the livestock system 
of Iowa. One is to reduce grain shipments off Iowa farms and 
to widen the grain to roughage ratio in the feed rations of cat-
tle and horses, thereby economizing on grain consumption in 
these enterprises and concentrating it in the hog enterprise so 
as to maintain maximum hog production. The other is to con-
tinue out-shipments of grain and to retain or even narrow the 
grain to roughage ratio in the feed rations of cattle at the ex-
pense of the hog enterprise, thereby drastically reducing hog 
production and expanding dairy or beef production or both. A 
continuous series of compromises is possible between these two 
extremes. Present types of farming, farm size and character of 
land tenure, principally, will decide which compromise is most 
feasible for any given locality, dependent, of course, upon price 
relationships. 
Time did not allow approaching this complex problem ade-
<2 It goes without saying that in setting up the various initial price sets the 
character of the prospective demand for the various livestock products must 
be assumed to remain essentially the same for these alternative price sets. In 
other words, these hypothetical price sets should be determined on the basis 
of anticipated supply relationships of the livestock products assuming no es-
sential change on the demand side. If such a change in demand, for instance 
subsequent to a possible revival of foreign trade, is to be considered two 
groups of price sets should be assumed, such as one for the demand situation 
under greatly restricted foreign trade, and another for the demand situation 
under greatly stimulated foreign trade. 
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quat ely and systematically under the present project.4a An 
attempt, however, has been made to estimate one possible ad-
justment of the livestock system to the feed supply provided 
by the new crop system. While the adjusted crop rotations 
have the character of recommendations, inasmuch as they should 
be followed if proper soil conservation is to be achieved, the 
adjusted livestock system is an estimate of what could be done 
in utilizing the new feed supply. 
The approach of the Animal Husbandry Section was to distrib-
ute the "new" feed supply to the various classes of livestock on 
the basis of feed rations that have proven profitable in the past. 
Taking out of the total feed available enough to maintain ap-
proximately the present horse population and poultry produc-
tion under the assumption that no significant change would oc-
cur in these two livestock enterprises, the remaining hay and 
pasture were disposed of by providing the number of cattle and 
sheep units necessary to utilize adequately the roughage, and 
grain was apportioned to them sufficient to make up a well bal-
anced feed ration. The residual amount of grain, then, deter· 
mined the volume of the hog enterprise.44 
The resulting adjustment in the livestock system strongly in-
clines toward the second alternative outlined above: a reduc-
tion in pork production and an increase in milk and beef cows. 
'l'he question of the extent to which significant changes in 
the average efficiency in feeding operations should be assumed 
in developing agricultural adjustment programs will be dis-
cussed later (see page 407). 
It should be emphasized again, however, that if the recom-
mended crop adjustments were to be generally adopted, the 
changes in livestock production imputed by such a rather arbi-
trary distribution of the "new" feed supply to the various 
kinds of livestock would not necessarily occur; the suggested 
changes merely indicate one of the physical possibilities in util-
izing the new feed structure. Further study of prospective 
prices, farm labor distribution and landlord-tenant relationships 
may show the likelihood of a better maintained volume of hog 
production and a less grain-intensive cattle enterprise, follow-
ing more the direction of the first alternative suggested above. 
It has been stated previously that a comparison of feed struc-
tures in terms of percentage distribution of feed units by kinds 
of feed, and livestock systems in terms of percentage distribu-
<3 A recent study of some phases of this problem is being published by the 
Agricultural Experiment Station. The conclusions of the forthcoming study 
point in a different direction from those suggested by the Animal Husbandry 
Section in the present study. Due to partial substitutability of roughage for 
grain and to the possible reduction in out-shipments of g,=aln, a shift from 
corn to grass acreage in the contemplated order of magnitude may not ma-
terially affect kinds and volumes of livestock production In Iowa . 
•• For the detailed set-up of livestock units and the feed rations employed, 
see appendix, work sheets 4, 5 and 6. The report of the Animal Husbandry 
Section was prepared by C. Y. Cannon and C. C. Culbertson. 
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tion of animal units by kinds of livestock between counties re-
veals their interrelationship fairly well, considering the crude-
ness. of the original data. Hence, if one could find a county 
v,rhich now has a feed structure 'similar to that resulting from 
the adjusted crop system, one might be justified in considering 
the livestock system of that county as one of the possibilities 
of utilizing the new feed structure. 
TABLE 9. POSSIBLE LIVESTOCK ADJUSTMENT BASED ON COMPARISON OF 
EXISTING (1929) FEED STRUCTURES AND LIVESTOCK SYSTEMS. 
Classes of feeds 
Corn and soybeans 
Small grains 
Hay 
Pasture 
Livestock 
enterprises 
Hogs 
Poultry 
Cattle 
Sheep 
Horses 
State 
existing 
livestock 
systems 
37 
5 
38 
3 
17 
State 
adjusted reed 
structure 
Jackson County 
existing reed 
structure 
Percent or total reed umts retained on rarm 
45 
11 
19 
25 
Jackson County 
existing 
livestock 
system 
(Percent of tot 
32 
4 
48 
2 
14 
State 
adjusted livestock 
system derived 
from Jackson 
County 
al animal units) 
32 
4 
44 
3 
17 
44 
9 
16 
32 
Percentage 
change 
under 
adjusted 
system 
-14 
-20 
+16 
-
-
It SO happens that Jackson Oounty has a feed structure very 
similar to the adjusted feed supply structure of the state, as 
table 9 indicates. If, for the state as a whole, no change in 
horses and sheep is assumed, their proportions in the livestock 
system of Jackson Oounty may be roughly adapted to those of 
the state by adding three animal units out of a hundred to 
horses and one to sheep and reducing those of cattle by four. 
This implies only a shift within the roughage-consuming class 
of livestock without affecting the concentrate-consuming 
classes, hogs and poultry. The comparison of the state to the 
modified Jackson Oounty livestock system indicates a reduction 
in the proportion of the hog enterprise from 37 to 32, of the 
poultry enterprise from 5 to 4, and an increase in the propor-
tion of the cattle enterprise from 38 to 44 percent of the total 
animal units. Assuming for the state as a whole no significan~ 
change in the total feed units retained on the farm under the 
new crop system and no change in the feed unit consumption 
per animal unit, the above changes in the livestock system 
would represent a reduction of about 14 percent in hogs and 20 
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percent in poultry, and an increase of about 16 percent in 
cattle. 
This last adjustment in the livestock system represents· just 
another of the possibilities in utilizing the new feed structure. 
This livestock adjustment may, in contrast to the adjustment 
proposed by the Animal Husbandry Section, come closer to the 
first extreme alternative stated on page 395, that is, to maximize 
hog production. It implies that price relationships remain 
about what they were during 1929 and several preceding years, 
and that Jackson County is fairly typical for the state as a 
whole with reference to general farming conditions. Since 
shifts in crop systems, however, will change relationships be-
tween prices of the various kinds of feed, and since changes in 
the livestock system of a whole state or region necessarily imply 
changes in relationship between prices of various livestock 
products, it cannot be concluded that the "new" livestock sys-
tf:m for the state will approach the one now found in Jackson 
County. The great flexibility in adapting livestock systems to 
any given feed structure renders price relationships and institu-
tional factors rather than the physical composition of the feed 
structure the chief determinants . 
. In order to arrive, however, at a rough approximation of 
what an adjustment in the livestock system may possibly be the 
procedure just outlined may, after considerable refinement in 
the line of reasoning as well as in the data used, prove helpful 
in later studies in this field. The discussion of the procedure, 
therefore, is intended to suggest a method of approach worth-
·while to be tested out rather than to present definite conclu-
sions regarding the best feasible livestock adjustment. 
ECONOMIC EVALUATION OF THE ADJUSTMENT PROBLEMS IN 
THE VARIOUS TYPE-OF-FARMING AREAS OF IOWA 
SO far, the discussion has centered around the methodology 
of determining desirable crop adjustments and their possible 
effects on feed supply, feed structure and livestock production. 
It should again be emphasized that soil conservation as an ob-
jective of public policy is not an ab§olute nor a purely physical 
concept entirely outside the sphere of costs and prices. The 
tentatively proposed land use adjustments for Iowa, in es-
sence, represent the goal, the highest degree of soil conserva-
tion obtainable under generally prevailing farming conditions. 
As a first approximation it was necessary to omit local economic 
conditions in determining these adjustments. 
A brief discussion of the general economic implications of the 
land use adjustments proposed for each type-of-farming area 
follows: 
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The Northeastern Dairy Area (I) apparently has the best bar 
anced crop systems of any of the major _areas of the state. Al-
though several of its principal soil types, particularly the Fay-
ette and Olinton soils and the more rolling phase of the Oarring-
ton soils, are susceptible to erosion, the crop rotations used are, 
in general, fairly well adapted to soil conditions and prevent 
serious erosion losses rather effectively. Physical and economic 
conditions have favored the development of the dairy enter-
prise. Dairying requires much hay and pasture, and more oats 
than corn for concentrates, and a fairly stable type of farm 
operators. The percentage of tenancy in northeastern Iowa is 
the lowest of any area in the state, and the stock-share lease is 
commonly used~ characterizing the close and stable interrela-
tionship between tenant and landlord. Moreover, the dairy en-
terprise returns a considerable part of the plant foods removed 
by the crop back to the soil in the form of manure. 
All these characteristics of the dairy enterprise facilitate ero-
sion control and adequate soil conservation practices. A small 
reduction in the intertilled crop acreage (corn) seems neces-
sary (see table 5), although the tentatively proposed adjust-
ments call for reductions in corn of over 20 percent in some 
counties (Olayton, Buchanan, Floyd), indicating that in some 
localities major changes seem desirable. For the area as a 
whole, however, apparently the present crop pattern is already 
taking care of the soil resources to a fairly satisfactory degree. 
The Central Cash Grain and the Northwestern Cash Grain and 
Livestock areas (IV and II) consist predominantly of fairly 
level to gently rolling Webster and Olarion soils. Here, the 
problem of soil conservation arises from nutrient and organic 
matter depletion rather than from soil erosion. A continuous 
alternation of 1 or 2 years of corn and 1 year of oats is not un-
common. These two areas have the highest percentage of their 
tillable land in grains (80 percent) and the lowest in hay and 
plowable pasture (18 percent). 
The desirable crop adjustments lie in the direction of shift-
ing from small grains to grasses and legumes rather than of re-
ducing corn. The small grain acreage under the tentatively 
proposed adjustments is reduced by 34 percent in the central 
and 44 percent in the northwestern area, while intertilled crop 
acreages are cut only by 17 and 12 percent, respectively. This 
severe reduction in the small grain acreage, however desirable 
it may be from the viewpoint of fertility maintenance, is likely 
to be difficult to achieve under present conditions.45 These 
areas not only have the highest percentage of tenancy in Iowa, 
•• These two areas are possibly better adapted to a more general use of 
sweet clover as a green manure crop than other areas in this state. This prac-
tice, if it should prove feasible as a general rule, would give farmers an op-
portunity to keep a flj-irly high acreage in grains and still maintain a reason-
able nitrogen and organic matter balance in the soil. 
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but also the greatest mobility of tenants. They have the high-
est oat yields, the cash grain type of farming is predominant, 
and the average farm size in the northern part runs close to 200 
aeres. All these factors offer strong resistance to the complete 
adoption of the proposed crop adjustments. 
Since the process of soil depletion, however, is of a much slow-
er and economically less serious nature than that of erosion, the 
urgency for public action to bring about speedy and far reach-
ing adjustments is not as great as in other areas. In these two 
areas particularly, adequate soil conservation may be achieved 
largely by educational work centered upon the paramount prob-
ltm of instability of land tenure. 
Looking ahead several decades and assuming gradual adjust-
ments in these areas in t}le directions proposed, it is probable 
that it is in this section of the state where an increase in farm 
population and in the number of farms could be absorbed most 
readily, or even may be necessary in order to effectuate the pro-
posed land-use adjustments. A marked shift from cash grain 
to dairy farming and beef feeding implies higher labor require-
ments and consequently fewer acres per family-sized farm. 
In the three areas thus far discllssed, effective educational 
aetivity is probably the most adequate policy from the view-
point of public interest in soil conservation. 
The Western Livestock Area (III) is on the verge of becoming 
a serious erosion problem area. It comprises the section of the 
state which 'is being most heavily exploited. It has the highest 
percentage of tillable land in corn (47 percent) under condi-
tions of rolling topography and not infrequent intense rainfalls. 
The originally deep and fertile layer of Marshall silt loam is . 
rapidly being eroded and depleted. 
In contrast to the northeastern dairy and the northwestern 
and central cash grain areas (I, II and IV) it is of extreme im-
portance for this area that an effective land use adjustment be 
brought about in order to prevent the still highly productive 
soils from reaching the breaking point of their natural fertility. 
From the viewpoint of public policy, it seems wise to expend ef-
forts and funds now to keep the productive power of the land 
intact rather than to attempt to rehabilitate it after the land 
resources are depleted. Funds for an active program of soil 
conservation may quite conceivably find a high degree of effi-
ciency in the southern half and the western fringe (except the 
Missouri bottom) of this area. Large gullies are developing 
there at a progressive rate, and the depth of the surface soil 
has been greatly reduced by sheet erosion. 
The proposed crop adjustment calls for a 26 percent reduc-
tion in intertilled crops, thereby lowering the proportion of til-
lable land in intertilled crops from 47 to 35 percent (see table 
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5). Hay and plowable pasture are increased from 24 to 44 per-
cent of the tillable land, representing a percentage change of 
83. The fact that alfalfa is the best hay crop in this area, par-
ticularly in the central and northern part,46 may tend to hamper 
tll e large increase proposed in the hay acreage, since this would 
result in an excessive supply of hay because of the high yields 
of alfalfa and in an unfavorable seasonal labor distribution on 
the farm. 
The forces of resistance to necessary land use adjustments are 
strong and, as in the cash grain areas, predominantly economic 
in character; yet the need for soil conservation is much more 
urgent. Tenancy is high and mobile, although perhaps not to 
the same degree as in the cash grain areas. Farmers have not 
as yet become aware of their soil losses. In addition moisture is 
more distinctly a limiting factor than in any other area. Perma-
nent as well as rotation pastures, with t.he exception of sweet 
clover, often dry out during the summer. This is unfavorable 
for the expansion of the cattle enterprise, particularly of dairy-
ing. A shift from corn to grasses and legumes, if it occurs, is 
likely to be absorbed largely by increased beef feeding and rais-
ing. 
The East Oentral Livestock Area (V) is confronted with ero-
sion problems beginning to attain serious dimensions in several 
parts of the area, particularly in the central and southeastern 
sections. The Tama soils, comprising almost one-third of the 
area, are similar in topography and texture to the Marshall 
soils of the western area (III), but have generally a shallower 
surface layer and a somewhat lower infiltration rate and water-
holding capacity. The Clinton soils, covering over one-fifth of 
th e area, are steeper and more erodible. That would tend to 
make this area more subject to erosion than the western area 
were it not for the fact that it is less heavily cropped and prob-
a bly receives fewer torrential rainfalls. The proportion of 38 
percent of the tillable land in intertilled crops compares with 
47 percent in the western area. The fact that the crop systems 
in the east central area are at present better adapted to soil 
conditions may be partly attributed to the more conspicuous 
. form of gully erosion, "finger gullies," on the Tama and Clin-
ton soils, in contrast to the insidious sheet erosion dominant on 
the Marshall soils. Gullies remind the farmer of his erosion 
problem every time he crosses them with his plow, while sheet 
erosion easily escapes his attention. 
Substantial adjustments, however, are still necessary in this 
area for the requirements of soil conservation. Comparing the 
present 38 percent 'of tillable land in intertilled crops in this 
area with the adjusted 38 percent in the northwestern area (II) 
•• Over half of the total tame hay acreage was in alfalfa in 1933, compared 
with one-fourth to one-third In the cash grain areas. 
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and 35 percent in the western area (III), the eastern area seems 
too high in corn relative to the erosiveness of its land. The 
proposed adjustments provide for 32 percent of the tillable land 
in intertilled crops, which puts the crop system of this area rela-
tive to soil conditions into a proper relation to those of the 
other areas. The change represents a reduction of 16 percent 
in the intertilled crop acreage without affecting small grains 
and an increase in hay and rotation pasture of 17 percent (see 
table 5). The fact that this area has the highest corn yields and 
that application of lime is required in many cases to secure a 
good stand of legumes may tend to retard the adoption of the 
adjustments. 
In general, the farmers in this area seem to do a relatively 
good job in adjusting their rotations to soil conditions. Al-
though the hog enterprise is most strongly developed (about 40 
hogs per 100 acres of farm land as an average for the area), 
the cattle enterprise possesses a very appreciable volume and 
runs second only to the northeastern dairy area in the density 
of the cattle population (7.1 animal units per 100 acres of farm 
land). The cattle herds are largely of a dual purpose type and 
the emphasis can readily be shifted to beef or dairying. About 
one-third of the average farm is in pasture of fairly high pro-
ductivity and dependability. Little cash grain farming is prac-
ticed. Tenancy is high but seems to be of a more stable charac-
ter as compared with that of the Northwest. 
These are some of the facts which may lead one to the conclu-
sion that the adoption of the moderate adjustments in crop and 
livestock systems desirable for soil conservation are not likely 
to face as serious difficulties in this area as in ·the western and 
southern areas and may possibly be obtained at relatively mod-
crate social cost. Here, as well as in all other areas, the tenancy 
situation will probably be the most important single factor, out-
side of prices, standing in the way of a general adoption of soil 
c(lnservation practices. 
The . Southern Pasture Area (VII) constitutes the region of 
most serious land use maladjustments in Iowa. The breaking 
point of natural soil fertility has, in all probability, been passed. 
on much of the land in the area. Need for stabilization, if not 
increase, of soil productivity is extremely urgent, if the land 
is to be saved from dropping below the margin of agricultural 
production. Since the area is densely settled and the popula-
tion has so far been practically able to support its public ser-
vices and institutions,47 public funds spent effectively on soil 
<7 It is true that the population has declined in many counties of the area, 
and that some of their institutions and public services are deteriorating. Their 
schools, roads, hospitals, etc., are the poorest in Iowa. In general, however, 
the area is not as yet submarginal for arable farming and compares favorably 
with such truly submarginal areas as the northern cut-over lands or the 
southeastern Appalachians. 
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conservation would constitute, in all probability, a good invest-
ment. The social cost of subsidizing this area, after it had be-
come truly submarginal for arable farming, would likely be 
much higher, not to speak of the cost involved in evacuating 
large sections of the area and retiring it from farming. 
Soil types, character of rainfall and topography, farm si.ze 
and type of farming, land tenure and debt pressure-all these 
factors contribute to excessive soil losses year after year, 
and to making desirable adjustments difficult. This area al-
ready has the smallest proportion of the tillable land in i\lter-
tilled crops of any area in the state (29 percent), but this pro-
portion is still too high to prevent progi'essive erosion. The 
. farmers have been forced by nature to keep their corn crop 
acreage down. Hence, the proposed adjustment, calling for a 
13 percent reduction in intertilled crops from the already low 
1929 acreage, presents a difficult problem to the farmers in this 
area. 
In no other section of the state are farmers as conscious of 
their soil problems as in this area. In several counties they even 
have organized county soil conservation associations. At the 
same time, in no other section are adequate adjustments so· diffi-
cult to bring about as in this area. The average soil produc-
tivity is low, alternative opportunities for replacing corn by 
other profitable crops are lacking, and many farms are too 
small to allow shifting toward less intensive crops and keep on 
supporting the family. In addition to these three factors 
peculiar to this area, the same sets of economic and social forces 
which impede the establishment of conservational crop rotations 
aud farming practices throughout the Corn Belt are active with 
maximized intensity. The average farm size is 151 acres, pro-
ducing about 2,600 feed units as compared with a size of 161 
acres and a total feed unit production of 4,000 per farm for the 
state as a whole.48 It is obvious that a moderate reduction 
from this low level of output per farm is much harder to bear, 
at least for the transitional period of adjustment, than a con-
siderably more drastic reduction would be in any of the regions 
with a higher output per farm. 
Preserving the present pattern of farm sizes and establishing 
soil conserving rotations can hardly be done without subsidizing 
a substantial number of farmers for a considerable period of 
time. Smce the proposed crop adjustments in this area are ex-
pected to increase corn yields substantially (over 14 percent) 
after a period of about 10 years, the aggregate feed output of 
<. The average farm size would have to be around 230 instead of 151 acres 
if the southern Iowa farmer were to produce on his farm as much feed as 
the average Iowa farmer. Under the adjusted crop system, the farm would 
have to be even larger to reach the state average in feed production. 
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the area may eventually be even increased after the adjustment 
has had its full effect.49 
This area is not naturally suited to intensive dairying. The 
pastures are dry in summer, the quality of hay is relatively 
poor, oats yields are low, the water from the wells is too warm 
in summer to cool cream, the roads are poor and expensive 
to improve, and there are no large cities nearby. This area, 
in general, can hardly compete with nortp.eastern Iowa and Wis-
consin and Minnesota in the national market for dairy products. 
The type of farming naturally suited to the physical condition 
of the area is the raising of beef cattle and the fattening of a 
limited number of steers and hogs, and such a type of farming 
requires a larger farm unit than 150 acres. If the tenancy prob-
lem is the most serious handicap to soil conservation practices 
in the other areas, it is the under-sized farm unit in combination 
with the tenancy problem in this area.50 
THE REGIONAL AGRICULTURAL ADJUSTMENT 
PROJECT OF 1935 
Long before the Supreme Court in January, 1936, declared 
the production control programs of the AAA unconstitutional, 
leaders in the AAA had been working toward the development 
of a long-time agricultural adjustment program centered 
around "soil conservation and good farm management prac-
tices" as principal goals. Unlike the problem of adjusting sup-
ply to demand, which is essentially national in scope, the prob-
lems of soil conservation and farm management are inherently 
regional and local in character . 
. OBJECTIVES OF THE PROJECT 
In March, 1935, the Secretary of Agriculture invited the agri. 
cultural experiment stations and extension services of all 48 
states to cooperate with the U.S.D.A. Bureau of Agricultural 
Economics and the Program Planning Division of the AAA in a 
nation-wide "Regional Agricultural Adjustment Project." The 
general objectives of these regional research projects under 
cooperative agreements between the state experiment stations 
•• Of course. some farmers are exceptional managers who succeed in over-
coming a ll these difficulties, whose managerial skill compensates f:or physical 
and economic disadvantages of their environment. In determining regional 
adjustments, however, it is the managerial ability of the average farmer that 
counts. For instance, several farmers in southern Iowa support their families 
at a decent standard of living on 80 acres of rolling Shelby soil under well-
balanced extensive crop rotations, by utilizing their famUY· labor through a 
highly intensive dairy enterprise. Other farmers keep their land in good shape 
by raising turkeys on purchased feed so as to relieve the pressure upon the 
soli resources. Others develop different specialties a nd side-line enterprises 
to complement tbeir income . 
•• See Schickele, Himmel and Hurd, Economic Phases of Erosion Control in 
Southern Iowa and Northern Missouri. Iowa Agr. Exp. Sta., Bu!. 333. 
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and the U.S.D.A. have been formulated by Dr. H. R. Tolley, 
then chief of the Program Planning Division, as follows :51 
"1. To determine for the various regions, and type-of-farming areas 
in each state arid region, the nature and extent of desirable adjustments 
in agriculture, including combination of crops, pasture, and livestock 
on individual farms, that would (a) maintain or increase real income 
to producers; (b) conserve the land, and improve soil productivity as 
far as possible, consistent with rural well being and with national ob· 
jectives and policy for the conservation of agricultural resources; and 
(c) contribute to the attainment of national goals in the production of 
specific crops and classes of livestock consistent with (a) above and 
within or in addition to the adjustments referred to under (b). 
"2. To determine criteria and procedure for bringing about the de-
sired adjustments." 
More specifically, the task of the research workers in the 
states was: 
"1. To differentiate the agriculture of the state into type-of-farming 
areas or subareas, having similar conditions of soils, crop and livestock 
systems and farm practices. 
"2. To assemble, coordinate and interpret existing data and judg-
ment of agricultural specialists, in order to determine the nature and 
extent of desirable adjustments in farming in the different type-of-farm-
ing regions and areas within each state from the standpoint of good 
farm management practice and conservation of agricultural resources. 
"3. To estimate the probable change in terms of acreage and volume 
of crop and livestock production, if the adjustments indicated as de-
sirable were carried into effect, and to determine their probable effect 
on farm income." 
All 48 states responded to the Secretary's invitation and ini-
tiated this project promptly with the understanding that they 
would submit their state reports by the end of September, 
1935.52 . 
, 
61 H. ·R. Tolley, Regional Adjustment and Democratic Planning. Address 
delivered before the meeting of the Association of Land Grant Colleges at 
Washington, D. C., Nov. 20, 1935. 
52 During the end of March and beginning of April, four regional confer-
ences were held by the directors of experiment s t a tions, extension services and 
representatives of the U.S.D.A. M. L. 'Wllson, Under-Secretary of Agricul-
ture, H. R. Tolley, Chief of the Program Planning Division, and F. F. Elliott, 
Chief of the Production Planning Section, conducted the meetings. 
. The United States Department of Agriculture contributed $200,000. Funds 
from AAA were a llotted to each st a t e and were supplemented by the experi-
ment station funds made available for this project. The staffs of the Farm 
Management Division of the Bureau of Agricultural Economics and of the 
Production Planning Section of the AAA assumed the function of coordinating 
the work in the various states, a nd every effort was made to secure compara-
ble methods of procedure a nd results. 
At the end of August, a second series of four regional meetings bega n , each 
lasting a week. The preliminary results, state by state, were discussed a nd 
assumptions, procedures and conclusions between the states included in the 
region were examin ed. Here and there, wherever type-of-farmlng areas 
crossed s tate lines, the proposed ad justments of the states involved were sub-
jected to special scrutin y and in some cases modifications in recommendations 
were agreed upon. The Production Planning Section of the AAA and the 
Farm Management Division of the Bureau of Agricultural Economics, with 
the council of regional representatives of the experiment stations, summarized 
a nd combined the final s t ate reports into regional and national totals. 
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It goes without saying that in these 6 months of work, no 
matter how intensively and conscientiously it was performed, 
nothing more than a good start has been made in the develop-
ment of a long-time agricultural adjustment program. 
BASIC ASSUMPTIONS 
Some of the fundamental difficulties of such an undertaking 
will be briefly considered-difficulties which have not been ade-
quately met under this project and which deserve most serious 
attention in future regional land use adjustment research. 
First of all, the definition of the two ultimate objectives of 
soil conservation and good farm management practices is far 
from being clear-cut. Such vague concepts are suitable only for 
arriving at a very crude first approximation in determining de-
sirable agricultural adjustments. Let us consider what assump-
tions these general objectives imply. 
"The specific task which the research workers in the 48 states under-
took during the summer and fall just past was to recommend systems 
of farming or ranching for each of the type-of-farming or ranching areas 
in the United States which would check or prevent soil depletion and 
sol1 erosion and tend to encourage the adoption of those practices which 
lower costs of production. In addition, the effect of the adoption of 
these systems of farming upon crop and livestock production was esti-
mated. 
"Attention was centered primarily upon soil conservation, and th'e 
recommendations with respect to systems of farming and methods of 
production were made without giving fuZZ consideration to the other 
economic factors involved and must be so interpreted,. Of course it is 
impossible, or at least almost impossible, to separate ourselves from the 
economic environment in which we exist, and as a result it should be 
rf:cognized that certain tacit assumptions with respect to prices, stan-
dards of living, and population were generally accepted. That is, it was 
gE:nerally assumed, as was intended, that the prices of the main agrI-
cultural commodities would continue at such a level as to allow the 
farmers in the major agricultural regions to follow the same general 
type of farming as in the past. In addition, local price and supply sit-
uations with respect to milk production and certain specialty crops were 
generally recognized and some of the recommendations were modified 
as a result, especially in the northeast. And, in the south, the recom-
mendations were apparently infiuenced to some extent by a recognition 
of the social problem raised by an increasing farm population, indus-
trial depression, and the need for widespread rural rehabilitation."53 
This is one of the most concise statements of the concepts and 
a!"sumptions underlying the work done under this project. It 
•• Oris v. Wells: The Regiona l Adjustment Project. Production Planning 
Section, AAA. Dec., 1935. (MimeD.) Italics are mine. 
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was formulated after the completion of the work, and it is safe 
to say that the issues involved were even less clearly defined in 
the minds of most of the research workers at the time the proj-
ect started than they appear in this statement. Yet, all that is 
said about the concept of soil conservation is to recommend 
farming systems "which would check or prevent soil deple-
tion and soil erosion," and about good farm management, it is 
, 'to encourage the adoption of those practices which lower costs 
of production. " 
Soil conservation is, in a relative sense, a problem more physi-
cal in character than is farm management. Despite the com-
pJexity of the conservation problem and its economic implica-
tions, it is relatively easier to establish objective standards of 
soil conservation practice for a given area and from a long-time 
viewpoint than it is to establish such standards of farm man-
agement practices for the average farmer in a given area. The 
soil can be conserved under many different farming systems, 
and in any given area a great variety of farm management 
practices is employed which do not significantly affect the prob-
lem of soil conservation. This second objective, good farm man-
agement, is, however, essentially of economic character and 
should be conceived as an objective distinct from that of soil 
conservation. 
The concept of '" farm management" comprises two different 
kinds of activities. The one refers to the proportional combi-
nation of enterprises in a given farm unit, that is farm organiza-
tion, the other to the technical efficiency within each enterprise. 
The one refers to crop and livestock systems, the other to crop 
yields per acre, milk produced per cow, bushels of grains fed 
per 100 pounds of gain, etc. In both phases of farm manage-
ment, the preference and managerial abilities of the individual 
farmer are factors of primary importance. These statements, 
elementary as they are, have a significant bearing on our prob-
lems of agricultural adjustments. 
If "gopd farm management" is to be made a primary objec-
tive in developing regional adjustment programs, it should be 
clearly understood which phases of farm management. are to be 
included in the objective. For instance, it could be reasonably 
argued that the improvement of operating efficiency is an ob-
jective for educational policies rather than for programs of sub-
sidiary action designed to correct maladjustments that lie 
beyond the control of the individual farmer. The fact that not 
every farmer attains the highest possible level of technical effi-
ciency in his operations can hardly be called a regional malad-
justment. The same arguments hold true for organizational ef-
ficiency, although to a more limited extent. Here, too, the fact 
that in a given area not every farmer uses the optimum combi-
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natjon of enterprises does not constitute a regional maladjust-
ment and, therefore, does not call for an adjustment program, 
but rather for educational activities. 
There may be areas, however, where due to circumstances 
outside the control of individual farmers the majority of farm-
ers do not follow the farming systems which would be best 
adapted to the economic and physical conditions of the area. 
According to the commonly accepted philosophy of economic 
behavior, the farmers always tend to use their resources so as 
to realize the maximum aggregate return from them. Yet, 
there may be counteracting tendencies of a general and long-
lasting nature which hinder the individual farmer in adjusting 
his farming system according to the "law of maximum utiliza-
tion of resources." To the extent to which these counter-
tendencies are individualistic in nature, such as lack of knowl-
edge or managerial ability, they constitute legitimate issues for 
educational policies, but not for adjustment programs. If they 
are, however, of an institutional character, such as landlord-
tenant relationships, lack of adequate credit facilities, tradi-
tional prejudices, competitive derangements, etc., they clearly 
fall within the scope of long-time. agricultural adjustment pro-
grams. 
It can easily be seen that the question of adequately defining 
the farm management objective in agricultural adjustment is 
extremely intricate. 
EVALUATION OF THE RESULTS OF THE REGIONAL 
ADJUSTMENT PROJECT 
Regarding the results of the Regional Adjustment Project, 
those recommendations based primarily on the farm manage-
ment objective are probably less comparable between states, 
and less dependable in their quantitative aspects than are those 
based primarily on the soil conservation objective which is of 
more physical character. 
These two adjustment objectives apply to the various agri-
cultural regions with very different degrees of emphasis. Soil 
conservation constitutes a major problem only in areas where 
the natural soil resources are being unduly tapped under the 
present farming systems, as is the case in large sections of the 
corn, wheat and cotton belts and western ranges. It is no acci-
dent that the recommendations for these areas are relatively 
decisive, are clear-cut at least in the directions of the proposed 
adjustments, and bear the earmarks of considerable confidence 
of their originators. 
In the north central and northeastern dairy states, in the 
we·stern and southern irrigation areas, truck crops and fruit re-
gions, soil conservation as an agricultural problem is decidedly 
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of minor importance. Here the recommendations are based pri-
marily on the objective of "good farm management," vaguely 
defined and in many cases obviously proposing more or less arbi-
trary increases in operating efficiency as well as organizational 
efficiency. The major maladjustments in many of these areas 
may be neither the misuse of land nor inadequate farming sys-
tems, but may be caused by defects in the marketing system or 
in the systems of local government and taxation. All these are 
problems that have tacitly or explicitly influenced the research 
workers in drawing up their recommendations as has been 
stated in the above quotation from Mr. Well's paper (see p. 
406). But the time allotted to this project was too short ade-
quately to analyze these problems. Consequently, the recom-
mended production adjustments for these areas are necessarily 
less decisive, less clear-cut in directions and degrees of adjust-
ments than are those for the areas where soil conservation con-
stituted the principal objective. 
Returning to the adjustment problems of the Corn Belt, under 
relatively homogeneous conditions and with soil conservation 
as the main issue, differences in basic assumptions between the 
various states exist. Some states are more optimistic than 
others regarding the acreage of corn their respective soils can 
reasonably stand. Some states accounted for increases in aver-
age operating efficiency, while others attempted to keep the 
level of efficiency constant. Some states assumed lime applica-
tions to their acid soils every 5 years, others every 10 years. _ 
Opinions differ r egarding the relative soil-building merits of 
sweet clover as a catch-crop which can hardly be fully ascribed 
to differences in rainfall and soil conditions. Economists and 
specialists in agronomy and animal husbandry from adjoining 
states should discuss these problems more thoroughly and agree 
on clearly defined obj ectives and basic assumptions in undertak-
ing such revisions and refinements. 
'~On the whole, however, the results of the regional adjustment proj-
ect should be accepted as the best judgment of the agricultural econo-
mists and crop and livestock specialists in the 48 state experiment sta .. 
tians with respect to the changes in systems of farming and in farming 
practices which are needed to promote efficient farm management and 
soil conservation, and to the effect of such changes upon the acreage 
and prod'uction of the chief field crops and the number and production 
of the major classes of livestock. Although some of the recommenda-
tions for the 700 type-of-farming areas involved are subject to further 
revision, the chief recommendations and the production totals for the 
major areas may be accepted' as substantially correct since they will not 
be materially changed."54 
.. Oris V . Wells, The R egiona l Adjustment Project : A Summa ry a nd Some 
Suggestions for Future Work. Production Pla nning Section AAA, December, 
1935. (Mimeo.) 
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Table 12 offers a general survey of the directions and the or-
der of magnitude of adjustments in the acreages and produc-
tion of the major Corn Belt crops and livestock products that 
would result from the proposed crop and livestock systems for 
the country as a whole, the North Central States comprising the 
Corn Belt, and Iowa.55 
The various state studies under the Regional Agricultural Ad-
justment Project of 1935 are necessarily of a very tentative na-
ture. Possibly the most important results of these 6 months' 
studies are the many crucial questions they have brought to the 
fure, and the stimulating experience of state, regional and fed-
eral cooperation in a unified and vital research problem on the 
one hand, and of intimate and systematic cooperation of the 
various branches of natural and social sciences on the other. 
TABLE 10. PROPOSED LONG-TIME ADJUSTMENTS IN ACREAGES AND PRO-
DUCTION OF MAJOR CORN BELT CROPS AND LIVESTOCK PRODUCTS 
FOR THE U. S., THE NORTH CENTRAL STATES ANP IOWA.* 
Percentage change from 1929 in: 
Acres 'of Cwt. of 
------ Number beef and Number Gallons Cwt. of 
Oats Hay of all veal of milk of milk hog. 
Corn and cattle produced cows produced produced 
barley 
--------------------
United States -12 
- +19 +10 +8 +13 +20 -7 
North Central State. -16 +12 +13 +11 +8 +12 +22 -14 
Iowa -22 -19 +52 +12 +6 +11 +38 -38 
*The changes far the U. S. and the North Central States are based on the data preeented 
in the table "Summary of Changes Proposed in Regional Adjustment Project" of Mr. Wells' 
paper quoted on p. 409. The North Central States include Ohio, Indiana, Illinois, Missouri, 
Iowa, Kansas, Nebra8ka, South Dakota, North Dakota, Minnesota, Wisconsin and Michigan. 
With the exception of North Dakota, Michigan and Wisconsin, the Corn Belt Region covers 
a maior part of each of these states. Iowa is the only state falling entirely in the Corn Belt 
Region. 
Mention should be made of the great potential significance of 
the Regional Agricultural Adjustment Project of 1935 for the 
future course of agricultural policy and legislation. This proj-
ect has demonstrated a workable method of approach to the 
scientific determination of agricultural policy. It has proven 
the possibility of outlining a rational solution of regional and 
national agricultural problems and has created a precedent 
which may encourage the removal of antagonistic and self-in-
terested pressure groups from the formulation of agricultural 
lc,gislation . 
•• For a complete compilation of these data, see "Recommended Adjust-
ments in Land Use for the North Central States, A Preliminary Estimate by 
Type-of-farming Areas." Program Planning DiviSion, AAA, December, 1936. 
See also "Looking Ahead on Agricultural Policy," U.S.D.A. Bureau of Agri-
cultural Economics, December, 1936. 
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APPENDIX 
Fig. 6. Crop systems for type-of-farming areas, 1929. ·Percentage of tilla-
ble land In major crop classes, and percentage of farm land in tillable land. 
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Fig. 7. Average yield of major crops (1928-1932) for type-of-farmlng areas. 
}'O' 
"7 207 1--1~.7 
,Ie 
1>7 
200 
1.3.7 
20' 
17. 1 
2'1.6 
'7 , '7, 
.. " 19.5 
IT.1 
Zl.~ 
17. 1 15." 
2'J.!) 201 
'71 
) ZI.' 
~"~7 
19.2 
"<O'''~ 
14~ 
'70 
11 .4-
f!).+ 
IZ.2 
22..4 
IZ. 'Z. 
22.& 
AREA 
...... u'" 
b. ~::~ 
1:>7 
le.2 
412 
I. I 
... 
'7' ,e~ 
'''~ I. I 
'" ZO.r 
15.2 
17.1 
19. ' 
20:> 
'7, 
209 
'5~ le.6 
,~, 
137 
'74 
Z03 
I~I 
207 
le.!5 
19. / 
'27 
4:1. 5 
I~~ 
ZO·7 "" 2.1. 15 
--" l-"-' 1 .. 0 • 0 • I·····'-·-l : .:~ 17. 1 171 171 171' ."" .... 
2.0,«> 20.0 21'3 2,.0 171 
10.<1· 10_4 10.4 ~. e 
17" 1~. 6 116.1 11,00 .7 
rrA 
'16 .8 
e ... 
/0. !5 
11.4- 114 
ZO.O ,e" 
'.0 • . e 
1~.3 19. Z 
nmIlZ'YTIEI 
Zt0 
'''7 17.1 20.0 Z0-3 
11.4-
le.~ 
[DermanG'nl PGlstur" I 14.7 [ 1.5.7[15." 1<io.!!I IB.D 17.'3 12.4 100Z 
Il2otation PO.5turw 120.41 z..0711~.Z 21.4 I~·~I ZTO I ZO·~1173 I 
ACRICULTURAL ECONOMICS CHART "'-360." IOWA STATE COLLECE 
Fig. 8. Estimafed productivity of permanent and rotation pastures, In 
terms of feed units per acre, by counties. (Last digit represents tenths.) 
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Fig. 9. Feed unit production index per acre of major crops 'and pastures, 
fol' type· of-farming areas. Based on average crop yields (1928-1932). 
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Fig. 10. Total feed unit production per acre of all land in farms, by coun- . 
ties. (Based on 1932 acreages and 1928-32 average .yields. Last digit repre-
sen ts tenths.) 
AQEA 
o e,elowZ700 
Fig. 11. Feed unit production per farm, by counties. (Based on 1932 
acreages and 1928-32 average yields.) 
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Fig. 13. Feed supply structures for type-of-farmlng areas. , (Corn, small 
grain s, hay and pasture available for feed, In percentage of t ota1 feed units 
s upply. Based on 1932 acr eages, 19 28-32 average yields, a nd 19 29-3 2 net In 
or out-shipments of corn a n d oats. ) 
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Fig. 14. Livestock systems for type-of-farming areas. (Hog. cattle. sheep. 
horse and poultry animal units in percentage of total a nimal units. 1929.) 
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Fig. 15. Milk produced per cattle animal unit and per acre of farm land as 
measures of intensft\\, of the dairy enl:erprise. by counties. (Based on 1930 
Census data. gallons of, milk produced in 19 29.) 
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Fig. 16. Sample fragments of the synoptical map of Iowa farming criteria 
(cri teria for the state and for two extreme counties; see explanatory notes.) 
COMMENTARY TO FIG. 16: SAMPLE FRAGMENTS OF THE 
SYNOPTICAL MAP OF IOWA FARMING CRITERIA 
Purpose: 
The purpose of this map is to present, in a comprehensive, synoptical 
way, existing farming characteristics of the various counties and farm-
ing areas and to help the student to visualize regional differences in the 
agricultural set-up of Iowa. The criteria presented are so chosen as to 
indicate the logical and functional interrelations between the various 
factors, and to picture the farming enterprise in its organic entity. 
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. Hence, several of the criteria used are rather irrelevant if taken each by 
itself but are highly indicative if considered in conjunction with other 
criteria. This is the reason why thfse criteria are not presented sep-
arately on different maps, but grouped together on the map, even 
though the map may look, for the first moment, somewhat crowded. 
After some attention is given, the advantage of such a synoptical presen-
tation of the criteria will be realized. 
Symbols: 
On this map, there are shown 16 farm criteria, arranged 
in the same order and relative position so as to facilitate the compar-
ing of each single criterion of one county with the same in another 
county. All figures pertaining to land and crops are placed in square 
boxes, all those pertaining to livestock are placed in circles. Within 
the group of land and crop data, a further distinction has been made 
by tracing the box lines more heavily around the figures referring to feed 
structure and supply. Within the group of livestock data, those per-
taining to the cattle enterprise have been circled by heavier lines. 
These symbols greatly facilitate the reading and interpreting of the map. 
E xplanation of criteria: 
The figures are explained in the legend of the map, which shows, at 
the same time, the respective state averages. This enables the student 
to appraise instantly the deviation of- each county from the average of 
the state as a whole. For the criteria (3) and (7) to (10), all feed stuffs 
have been converted into "feed units." One feed unit is the feed equiva-
lent of 1 bushel of corn. For the criteria (.4) and (11) to (15), all ani· 
mals have been converted into "animal units." One animal unit is the 
animal equivalent in feed requirements of one mature cow. For more 
detailed information see page 358 of the text. 
Sow'ces of data: 
Criterion (1) Percent of Land in Farm Types and the livestock fig-
ures except those for hogs, are based on 1929 Census data. Hog figures 
a.re based on the Iowa Pig Survey and represent 1928-1931 averages. 
The acreages and number of farms are, except for criterion (1), taken 
from the 1932 assessors' reports. The feed production data are based on 
the 1932 acreage and 5-year (1928-1932) average yields. The grain ship-
ment data are obtained from a study of corn and oats shipments by Mr. 
Bentley, Iowa State College, representing 1929-1932 averages. 
Some directions for interpreting v arious supplementary or interrelated 
criteria: 
(a) The last figure in criterion (1) gives the percentage of land 
in the "Animal Specialty" type of farming and thereby indicates the 
relative importance of the livestock enterprise in the respective area. It 
does not reveal , however, what kind of livestock is prevalent in the sec-
tion. This can be determined by consulting criteria (4), (11) and (12), 
which show the relative importance of hogs and cattle, the chief live-
stock enterprises in Iowa. The cattle enterprise, as shown by criteria 
(4) and (12), is further analyzed by criterion (15) which indicates the 
degree of intensity of dairying in the cattle enterprise. If, for instance, 
the amount of milk produced per cattle animal unit (criterion 15) · is 
markedly below 280 gallons (state average = 282) , the emphasiS in the 
cattle enterprise is definitely on beef production. 
(b) The third figure in criterion (1) showing the percentage of 
land in the "dairy" type of farming is very significantly supplemented 
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and augmented in its analytical value by criterion (16), the ainount of 
milk produced per acre, indicating the degree of intensity of dairying 
in the respective area. For instance, in the north central cash grain 
area as well as in the south central livestock area, 2 percent of the 
land is in the dairy type of farm. Dairying, however, is considerably 
more intensive in the former than in the latter as indicated by criterion 
(16), showing 19.1 and 14.5 gallons of milk produced per acre, respec-
tively. 
(c) Criteria (5), average farm size, and (9), feed units produced 
per acre, are supplemented by criterion (8), feed units produced per 
farm. These three criteria reveal that in some sections of the state 
lower feed unit production per acre tends to be offset by larger farms, 
thereby tending to keep feed production per farm up, as in the north· 
eastern section, whereas in southern Iowa, poor soil productivity often 
coincides with smaller farms, thereby increasing the relative disadvan-
tage of poor soil for the individual farmer, and severely depressing his 
scale of living. 
Sample Worksheet 1: General Orop and Soils Inforrnation on Oounty. 
County: Blackhawk 
CROP LAND 
1. Predominant Topography: Level to gently rolling. Cut by two 
rivers and their tributaries 
2. Erosivity: Slight to medium 
3. a. Predominant 'types: b. Productivity: 
Tama silt loam High 
Carrington loam High 
4. a. Extent of Acidity: 85% b. Degree of Acidity: Strong 
5. Remarks : Large areas sandy-good for. special crops 
6. a. Pasture Types : Clinton, Carrington-Tam a, ROlling Phase 
b. Lime? Yes c. Seeding Mixture: Clover and timothy 
7. a. Predominant 
Rotations: 
1 
4 
2 
b. Acres: 
104,348 
38,972 
36,934 
c. 
d. 
Kind of legume: Red clover 
Soybeans-alfalfa-sweet clover 
Kind of rotation pasture: 
Red clover-timothy, sweet clover 
PERMANENT PASTURE 
1. Predominant Topography: Level to gently rOlling 
2. Predominant Type of Pasture: Upland 
3. Approximate Acreage Woodland Pasture : 16,000 
COMMENTS 
There is a relatively large area of waste land. The need of drainage 
is evident in many parts of the county. The area of bottomland ·is small. 
One of the first needs of the soils of the county is lime. Erosion occurs 
more extensively in Clinton and Carrington sandy loam. The terrace 
soils, as O'Neil, Bremer, Waukesha sandy loam and Calhoun, are in 
need of organic matter. Shorter rotations should be practi<;:ed·. 
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Sample Work Sheet 2: Township Data on Crops and Soils 
Recommendations. 
Blackhawk County, Eagle Township Key No. 7·16 
DATA FROM CENSUS, 1930 
No. of farms, 109; Acres in farms, 22572; Crop land, 16560; Plowable pasture, 
2929; Woodland pasture, 249; Other pasture, 1706; Woodland not pasture, 22; 
All others, 1106; Area,in corn, 8470; Small grain, 2067; Pasture total, 5176; 
Pasture permanent, X; Hay legume, 416; Hay mixed, 1555; Other hay, X; 
Green manures, X; Woodland not pasture X; Special crops, 193; All other, X; 
Total hay 2062. 
DATA FROM SOIL MAPS: Source _________ _ 
Names of Soil Types Grade Net Distribution of Recommended Rotations* 
Area over specific soil types 
T.ama Silt Loam 1 17009 72 in (1); % in (6); % in (9) 
Clyde S. Clay Loam 8 2583 72 in (7); 72 in (1) 
Carrington Loam 1 826 % in (1); % in (2); % in (llc); % in·(4) 
Waukesha Silt Loam 1 767 All in (1) 
Meadow 10 193 .All in (7) 
Dodgeville Silt L.Sh.Ph. 8 64 All in (7) 
Muck 10 23 All in (8) 
*Figures in parentheses refer to the number of the rotations as indicated 0'11 work 
sheet three. 
CLASSIFICATION OF SOILS BY GRADES, ROTATIONS AND CROPS 
Areas in crops under recommended rotation 
---- Wood-
Rota- Pasture Hay land Special 
Grades tion ----------- not crops Other 
Net Corn Small Per- pas-
Area Grain Rota- ma- Leg- Mix- Other ture 
tion nent ume ed 
---
--
--
--
----------------------
I 1 9478 4720 2370 2368 
1 2 207 69 69 69 
1 4 .206 52 52 51 51 
1 6 4253 1701 1701 851 
1 9 4252 709 709 1416 709 709 
1 llc 206 157 52 103 
8 1 1291 646 323 322 
8 7 1356 1356 
10 7 193 193 
10 8 23 23 
Totals 21465 7967 5276 1467 1549 4423 760 23 
Adjust-
ed 
Totals 
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Work Sheet 3: Standard Rotations Employed. 
Rotation No: Crops 
1 Corn Corn Small Grain Legume Hay 
2 Corn S. G. Legume Hay 
3 Corn Corn Oats Mixed Hay Rot. Pasture 
4 Corn Oats Mi,xed Hay Rot. Pasture 
5 Corn Corn Small Grain Sw. Clover (Level Marshall-Clarion) 
6 Corn Corn Small Grain W. Wheat Clover 
7 Permanent Pasture 
7x Woodland Not Pasture 
8 Special Crops 
9 Corn S. B. W. Wheat 
10 (a) Y2 Corn Corn Small Grain 
(b) Y2 Corn S. G. W. Wheat 
11 (a) Y2 Permanent Pasture 
(b) 7i Corn Oats Alfalfa 
(c) Y2 Corn S. B. Oats 
12 (a) Corn Corn Small Grain 
(b) Corn Corn Oats 
NOTE: S. G. = Small Grain. 
Mixed Hay Rot. Pasture Rot. Pasture 
Clover 
Mixed Hay Rot. Pasture 
Alfalfa 
Clover 
W. Wheat 
Alfalfa 
Alfalfa 
Alfalfa Alfalfa 
S. B. = Soy Beans. 
vi. Wheat = Winter Wheat. 
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Work Sheet 4: Livestock Units and Feed Requirements. 
Feed Requirements 
Hay Corn Pasture Grain 
Class of Animals (legume silage perma-
livestock Per Unit and nent 
mixed) (basis of 
1 acre 
per cow) 
tons tons tons pounds 
Dairy Cattle 1 Cow 2 .8 3.7 1.4 2850 
One Dairy 1/3 Yearling 
Unit 1/3 Calf 
1/20 Bull 
Beef Cattle 1 Cow 1st 2 .0 2.0 1.5 500 
One Beef 1/202-yr-old 2nd 2.7 1.5 800 
Unit 1/5 Yearling 
1/5 Calf 
1/20 Bull 
Super Baby Beef 1 Calf 0.33 - - 1700 
Baby Beef 1 Calf 0.60 - 0. 25 3000 
Steers, 1 Steer 1st 0 .50 - 0.25 2900 
Fattening 2nd 0.25 0.75 0.25 2900 . 
Sheep 1 Ewe 0.15 0 .25 0.15 250 
One Sheep 2/10 Yearling 
Unit replacement 
2/10 Lamb replacement 
8/10 Lamb, fattening 
1/50 Ram 
Lamb, Fattening 1 Lamb 0.075 - - 175 
Swine 1 Sow - - 0 .50 7000 
One Swine 6 Spring pigs 
Unit 2 Fall pigs 
1/20 Boar 
Horses 1 Mature horse 1.4 - 0.87 2900 
One Horse 1/8 2-year old 
Unit 1/8 Yearling 
1/8 Colt 
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Sample Work Sheet 5: County Feed Supply Resulting from 
Crop Adjustments 
COUNTY BLACKHAWK 
Number of Farms (1930) 2384 
Crop Acres 254,118 
{ Acres 95,562 Corn Bushels per acre 41 
Pounds, total 219,410,352 
{ Acres 8114.5 Wheat Bushels per acre 23.63 
Pounds, total 11,547,272 
Small Bushels per acre 32.65 {
Acres 59,179.5 
Grain* Pounds, total 63,376,510 
{ Acres used for hay Mixed Tons per acre 
Hay Tons, total 
{ Acres for hay Soybeans Tons per acre 
Tons, total 
none 
8,100 
1.75 
14,175 
pasture 18,139 1 
Acres used for 
Rotation Carrying capacity 
Pasture conversion ratio 1.15 
Acres, permanent pas-
ture equivalent 20,860 
{ Acres Legume Tons per acre 
Hay Tons, total 
48,793 
1.54 
75,141 
{
Acres None 
Sweet Permanent pasture equiva-
Clover lent Acres, permanent pas-
ture 
{ Acres 56,836 Permanent Carrying Capacity 1.8 
Pasture per cow 
Used for rotation 
pasture 
Carrying capacity 
conversion ratio 
Permanent pasture 
equivalent 
Acres for grain 
Bushels per acre 
Pounds, total 
Acres used for hay 
Tons per acre 
Tons, Total 
14,159 Acres 
1.15t 
16,283 Acres 
2,387 
16.1 
2,305,842 
None 
Replace 4,870 acres of corn with rotation pasture . 
• 95 percent oats; 5 petcent barley. 
t One acre of rotation pasture is equivalent in carrying capacity to 1.15 acres 
of permanent pasture. All rotation pasture is expressed in terms of perma-
nent pasture acreage. The conversion ratio is obtained from estimates of 
carrying capacity of permanent and rotation pasture given in figs. 6 and 7. 
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Sample Work Sheet 6: Livestock Adjustments. 
County Blackhawk Number of Tractors (1932) 647 
NumbJ 
Feed Utilized 
Class of 
Livestock Units of Grain Hay Silage Pas-
Animals Grain equiv. ture 
(Lbs.) (Tons) (Lbs.) (Acres) 
Horse 9,157 26,555,300 12,820 11 .340 
Mature horses 9,157 
Colts 3,433 
Poultry 
Hens 345,256 17 ,262,800 1 ,197 
Chickens 690,512 20,715,360 
Turkeys 3,591 179,550 7 
Geese 4,309 86,180 86 
Ducks 9,815 196,300 
Dairy Cattle 25,000 *71,250,000 70,000 25,900,000 63,000 
Cows 25,000 
Calves 16,667 
Bulls 1,250 
Beef Cattle 2,500 1,250 .000 5,000 1 ,400 ,000 6 ,750 
Cows 2,500 
Replacement heifers 1 ,125 
Other calves 1,500 
Bulls 125 
Super baby beef 
Baby beef 1 ,500 1 ,500 4 ,500, 000 900 675 
Steers, fattening 
Sheep 1,000 250,000 125 70,000 270 
Ewes 1.000 
Replacement lambs 400 
Other lambs 800 
Rams 20 
Lambs, fattening 6 ,000 6,000 1 ,050 ,000 450 
Swine 14,725 103 ,075 ,000 13,253 
Sows 14 ,725 
Spring pigs 88,350 
Fall pigs 29,450 
Boars 736 
Surplus grain, lbs. 11 ,717,968 
Remarks: Short on pasture. Suggest that 4,870 acres of corn be con-
verted to rotation pasture. 
